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§1. INTRODUCTION 


THe Lorentz group in n-dimensions is the group of transformations which 
leaves invariant the quadratic form 

(x, y) = xly! — x?y? — x3y3_ — x”y” (1) 
If the x’s and y’s are real variables, the group is defined in the field of real 
numbers. For the real orthogonal group the invariant form is xy! + 
x2y2 + ....+x”%y”. We can pass from this to the first form by 
replacing x by ix! and this suggests the device of deriving properties of the 
Lorentz group from those of the real orthogonal. But by introducing the 
imaginary variable we pass from the field of real numbers into the field of 
complex numbers. This calls for caution in passing from one group to the 
other. It is well known that there exist essential differences between the 
two groups. The Lorentz group, unlike the real orthogonal, is not com- 
pact. Again it has infinite irreducible representations not possessed by 
the latter (Dirac, 1945, Harish-Chandra, 1947). In this paper it is shown 
that the reduction to canonical forms and the consequent class-structure of 
Lorentz matrices is not that suggested by analogy with real orthogonal 
matrices.* The latter matrices can be reduced by matrices of the group 
cos @ sin 0 


to a direct sum of rotations, that is matrices of the typec = c sin @ coa@ 


and at most one matrix of the type f = (4 a or +1, depending on 


whether n is even or odd. Every matrix can be brought to the diagonal 
form in the field of all complex numbers. The device mentioned above 
suggests that the corresponding canonical forms for matrices of the Lorentz 
group are the direct sum of + A= + ee : bn. : and an orthogonal 


canonical form, or +1 and an orthogonal form. These matrices like 





* After completion of this work, my attention was drawn to a paper (Wigner, 1939), in 
which many of the results proved here are given for the special case n = 4, 
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orthogonal matrices can also be brought to a diagonal form. However it 
is found that a different class of matrices exist with a canonical form begin- 
ning with a 3 x 3 matrix which cannot be brought to the diagonal form 
by any matrix even in the field of all complex numbers. 


§2. From (1) we see that the squared length of a vector in the space 
of the Lorentz group can be an arbitrary real number. As is well-known, 
a vector is called time-like, null or space-like according as its squared length 
is positive, zero or negative. The null vectors generate a surface called the 
light cone which divides the space into time-like and space-like regions. 
The time-like region is divided by the origin into two parts, the future and 
the past, according as the first component of a vector in it is positive or 
negative. The defining equation of a matrix / which keeps (1) invariant is 


Igl=g (2) 
where / is the transpose of / and g is the diagonal matrix with + 1 in the first 
row and — | in the remaining rows. Lorentz matrices can be divided into 
two sets, G, and G_ according as the first column vector, which by (2) is 
time-like is in the future or past direction. A matrix of G, transforms a 
future vector into a future vector and a past vector into a past vector. 
Hence the product of two elements of G, is in G,. Also G, contains the 
unit matrix and so G, is a subgroup. In the same way the proper matrices 
(that is, those of positive determinant) of G, again form a subgroup. 

In the sequel, we require the following lemma: 
[1] If uw and v have components (u!, w?,...., uw”), (<3, v3,...., 0%) 
and u is a null or time-like vector and (u, v) = 0, 
then » is space-like, for from 
(wt)? > (uy? + (w+... + WP? 
uty! = uty? + uty? + .... + u%v* 


It follows that (v')? < (v7)? + (v%)?+.... (v%)? except when u and v are 
dependent. 


§3. If A is an eigenvalue of /, A~ is also one, for A? is an eigenvalue of 


1 and since, from (2) / -- g-1 7g, and / have the same eigenvalues. If 
A be real, positive and + 1, put \ = e®, 6 #0. The eigenvectors v, and 7 
corresponding to e*, e-* can be taken as real. Then (v,, v,;) = (11, Ix) 
= e7%(y,,v,). Thus (v,, v;)=0, and similarly (v,,v,.)=0. Putw,=c 





+ Bhabha, “The Theory of the Elementary Particles and their Interactions,” Chapter 4. 
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(v; + v2) We=c(v,— v2), Where c is a real number. Then (w,, w,) 
= — (We, We) = 2c? (v4, v2) *O by lemma [1] and (w,,w.)=90. Also 


lw, = cosh ¢ w, + sinh ¢ we 
lw, = sinh ¢ w, + cosh 4 we (3) 


By a proper choice of c, (wy, w,)=+1= + (We, we). Hence wy, We 
satisfy the conditions required by (2) for the first and second column vectors 
of a Lorentz matrix. If w be one such matrix then the matrix /' satisfying 
the equation Jw = wi will, because of (3), have (cosh ¢, sinh 4, 0,...., 0) 
and (sinh ¢, cosh ¢, ....,0) as the components oi its first two columns. 


[} then has the form (; = Because w is a Lorentz matrix /! = w-1] w 


is also one. Substituting /' for / in (2) we find that kK = 0 and ais orthogonal. 
a can be reduced to a canonical orthogonal form a, by an orthogonal matrix 
b and hence /! can be reduced by the Lorentz matrix 1 i145. Thus / is 
reduced to the direct sum h 4 a, by the Lorentz matrix w(1 +1 + 5d). 
The same method applies to the case when there is a real negative eigenvalue 
+—1. If this be — e® then the first matrix in the reduction will be — h. 


§4. The matrices not included in the reduction given above are those 
whose eigenvalues are complex numbers and + 1. The complex eigenvalues 
of / have unit modulus. For then we have /(v, + iv,) = (c +- id) (v, + ive), 
where c,d are real numbers, d+ 0, and 74, ve are real and independent 
vectors. It follows that Jv, = cv, — dv, Ive = dv; + cvs. From. these, 
and (v, v) = (lv, lv) for any v, we get three equations for the scalar products 
(v1, V1) (Ye, V2), (V4, Ve) 

(1 — c?) (v4, v4) + 2cd (v4, v2) — d? (vg, vg) = 0 

cd (uv; v4) + (c? — d*? — 1) (24, v2) — ca (v2, V2) = 0 

d? (vy, Vy) + 2cd (v;, v2) — (1 — €#) (v2, v2) = 0 
which have non-zero solutions only if the determinant of the matrix of the 
coefficients vanish, i.e., when p* + 4d?2p =- 0 where p = c? + d?~—1. Thus 
p=-0 i.e., the eigenvalues have unit modulus. Putting p = 0, the relations 
between the scalar products become (v,, v,) = (ve, v2), (v1, v2) = 0, and hence 
by lemma [1] they are both space-like. Since v, + iv, can be multiplied 
by an arbitrary factor, the squared length of each vector can be taken to be 
+1. Choosing 4,, so that c= cos #,, d= — sin 6,, we have 


lv, = COS 0,0; os sin O,V. 
lvg = — sin Ov, + cos 4,v2 


As, in §3, / can be reduced by a Lorentz matrix whose last two columns are 
14, veto], + c(9,) and if J, has a complex eigenvalue e%62, to /, + c (4) 4 ¢ (A), 
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and so on till we obtain a Lorentz matrix t of dimensions s x s, (s <n), 
whose eigenvalues are all + 1. 


§5. To reduce this matrix* t we use the theorem that any real matrix 
with these eigenvalues can be reduced by a real matrix u to tj, the direct 
sum of matrices, each of which has only + 1 or only — 1 on the principal 
diagonal and +1 immediately above this diagonal and the remaining 
elements zero. Suppose these component matrices arranged in a certain 


order are of dimensions p; X P,, Po X Po,.... and for this order the column 
vectors of u are uy, U2,....u;. Then 

tu, == + uy Us, +1 = + ig, +1 

tue = Up + uy Mp, .2 = E Up ye + Ups 

Mig, = EU, + Mpa Up, 49, = £ p49, T Mp a 0,-1 (4) 


and similar equations hold for the remaining matrices. From (4), for 
r= 2,3,...-Dis Pr + 2, Pa + 3... Ds + Dos Ps + Pa t+ 2,.... 

(uj, ty) = (tty, tu,) = (4 uy, + u,+ U,4) = (um, uy) + (Uy, Uy_4) 

Therefore (uy, U,«) = 0 (5) 

Similarly (Up, 412 Mpa) = 9, (Up, 4.4, 415 Uya) = 0 (5)' 


(i) If both p, and p, > 1, put r= 2, p, + 2 in (5) and r= p, + 2 in 
the first equation of (5)’, then 


(uy, Uy) ae (uy, Up,+1) — (Up41 Uy, +1) => 0 


which contradicts lemma [1]. This applies to any two component matrices. 
Hence only one matrix has dimension > 1. Without loss of generality 
we take this to be the first. 


(ii) If py > 
(Uy, Ug) = (tug, tug) = (Us, U3) — (Us, Us) 
Therefore (u., u.) = 0 


which together with (5) for r= 2,3 again contradicts lemma [1]. So p, 
and hence ps, .... <3. 


(iii) If p, = 2 from (5), (5) 


(u;, u,) = 0 for r= 1,2;....s 


and these equations contradict the linear independence of the vectors u,. 





* Bhabha, Joc. cit., § 2. 
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Thus p, = 1 or 3 and po, ps,.... = 1. If P =1, the reduced form is 
entirely diagonal and tu, = +u, for all r. If u; has the eigenvalue + 1 
and u,, has the eigenvalue — 1, 


(us, U,,) = (tuz, tu) = — (uj, u,,) = 0 
which means that the subspace of the vectors with eigenvalue + 1 is per- 
pendicular to that of eigenvalue — 1. We.can find normalized orthogonal 
vectors in these subspaces and the full set will cover the whole s-dimensional 
Lorentz space of ¢ since the vectors u, are linearly independent. These 


orthogonal vectors form a Lorentz matrix which reduces ¢ to the diagonal 
form with + 1 on the diagonal. 


If there is a 3 x 3 matrix let this be placed first, then uy, u;,....u, are 
eigenvectors of ¢ and are space-like because they are all perpendicular to 
the nullvector uw, Normalized orthogonal vectors formed from these 
vectors wiil form the last s — 3 vectors of a Lorentz matrix which will reduce 
to the direct sum of an irreducible 3 x 3 matrix and a diagonal one. This 
3 x 3 matrix will have all its eigenvalues + 1 or all — 1. 


§6. The reduced forms of Lorentz matrices are thus known except 
for the 3 x 3 irreducible matrices with eigenvalues all + 1 or all—1. We 
first show that the former belong, considering only 3 x 3 matrices, to the 
proper subgroup of G,. For obviously their determinant is + 1 and they 
must satisfy the characteristic equation (/— 1)*=0. Thus 


(P). —3(n+3Ou—1=0 (6) 
where (/”),; is the element in the first row and column of the rth power of 
I If (Dy <9, then (/*),;, > 0, (J), < 0, and the left side of (6) is < 0. 
Hence (/);, > 0. 

It is known (Murnaghan, 1938) that 4 x 4 Lorentz matrices of the 
proper subgroup of G, can be expressed as exp. gs, where s is a real anti- 
symmetric matrix. By fixing one of the space axes, this is seen to be true 
also for 3 x 3 Lorentz matrices. If now s be the matrix 


0 a b 
—a 0 c 
—b —c 0 


then r = gs has eigenvalues + 4,0 where ¢? = a? + 5? — c? and therefore 
exp. gs has the eigenvalues e*%, 1. When ¢ is not zero we obtain the reduc 
tions h + 1 and 1 + c, which have an invariant axis in the space and time- 
like regions respectively. When ¢ = 0, all the eigenvalues are + 1 and there 
is only one invariant direction and that on the light cone. We now show 
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that in this case the Lorentz matrices can be reduced to the exponential of 
the matrix r, where 


1 0 3 1 } 
fo i 1 0 1 Cxp. f> = 1 l 1 (7) 
0 —!1 0 + —1 $ 
If v, v2, X are real vectors such that 
rv = 0, P's = 0, UX = VU, (8) 
then, if a? + b? = c?, a have the components 
4¢ 
—c Ta ) E- —5 nS a! 
b ; b 
aa! "a 7 fal 
—a 
tg b 
t;, te being arbitrary. We put x =v, when 4, =1, 4,= ath. an —— 
~ 
when 4) = 1, fg = + _ then 
Vv, —Vg=0 (9) 
From (8), (9), IV, = Veg 
rg = V1 — Vz (10) 
I'Ug = Ve 


It can be seen by direct calculation that v,, v5, v, satisfy the conditions for 
the column vectors of a Lorentz matrix and if / is this matrix, from (10), 
I4rl=r, and hence /[ (exp. r) / = exp: ry. So exp. ry is a canonical 
form for 3 x 3 irreducible Lorentz matrices, whose eigenvalues are all + 1. 


Since, for all matrices r of the irreducible class, r? = 0, we get, if e be the 
unit matrix, 

= 2_ e+ 

exp. r=e+r+4r e—¥ 
and the Cayley parametric form for these matrices is therefore }r. Any 
Lorentz 3 x 3 matrix with eigenvalues all—1 on multiplying by — e 


becomes a matrix with eigenvalues all + 1 and hence can be reduced to the 
canonical form — exp. fp. 





§7. The above analysis shows that every real n x n Lorentz matrix 


can be reduced within the group to the canonical form /, + a9, where /, is 
one of the Lorentz matrices 











p=*) 
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0 1 0 
cosh¢ sinh¢ 
: 1 0 1 
tl (. ¢@ cosh a) = exp > , a 


and dy is a canonical real orthogonal form. For canonical matrices of the 
proper subgroup of G,., we can take only the plus sign of Jy, and f and — 1 
cannot occur in the direct sum a). Hence these matrices can be expressed 
as exp. gs, where 5, is the direct sum of one of the matrices 


0 $ 0 1 0 
<> eS 


and matrices of the type c a all of which are antisymmetric. It 


can be shown easily that any / transforms a proper matrix of G, into a 
proper matrix of G, and gs, into gs where s is again antisymmetric. Hence 
all proper matrices of G, can be expressed as exp. gs and hence these 
matrices are connected to the unit matrix by the matrices exp. fgs as the 
real number f¢ varies from 0 to 1. 


I am greatly indebted to Dr. H. J. Bhabha for suggesting this problem, 
for his guidance and for allowing me to read the manuscript of his book on 
“The Theory of the Elementary Particles and their Interactions ’”’. 


SUMMARY . 


We obtain the canonical forms which define the classes of the full 
Lorentz group in n-dimensions. Besides the forms expected by analogy 
with the orthogonal group, which can be reduced to the diagonal form in 
the field of complex numbers, there exists a canonicalform whose first compo- 
nent matrix is the matrix +exp. ry given by (7) in Section 6. This 3 x 3 
matrix characterizes a class of Lorentz matrices with equal eigenvalues, 


+1 or — 1, which cannot be diagonalized even in the field of complex 
numbers. 
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ETHYLATION OF QUERCETAGITRIN AND 
PREPARATION OF ISOPATULETIN 
PENTAETHYL ETHER 


By S. RAJAGOPALAN AND T. R. SESHADRI 
(From the Department of Chemistry, Andhra University, Waltair) 


Received July 29, 1948 


IN a previous paper! the constitution of quercetagitrin as the 7-glucoside of 
quercetagetin, was conclusively proved by providing synthetic evidence. 

For this purpose the glucoside was completely methylated and hydrolysed 
’ and the partial methyl ether thus produced finally ethylated. The reverse 
of this procedure, i.e., ethylation of the glucoside, hydrolysis of the ethyl 
ether and final methylation will give a useful derivative not only for com- 
paring it with a similar one obtained from patuletin by ethylation,? but also 
for establishing the constitution of the 7-methyl ether of quercetagetin, called 
here ‘ Isopatuletin ’, if it should occur in nature. 


As it has already been mentioned in connection with gossypin® the ethyla- 
tion of glycosides does not proceed satisfactorily with ethyl iodide. Diethyl 
sulphate is necessary for this purpose. Starting from quercetagitrin (I) 
the various stages involved in the present study are represented in the follow- 
ing formule. Fhe mixed methyl ethyl ether (III) is different from O-penta- 
ethyl patuletin (IV). Hence (III) is called iso-patuletin pentaethyl ether. 
This confirms that —" is not a 6-glucoside. 


ze thaw wo-/\/\—<Y 
sat,” 


OC.H; 
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EXPERIMENTAL 
Ethylation of quercetagitrin (I) 


Quercetagitrin (0-5 g.) was suspended in dry acetone (100c.c.) and 
treated with freshly ignited potassium carbonate (6-0 g.) and diethyl sulphate 
(3c.c.). After refluxing for 12 hours some more potassium carbonate 
(2:0 g.) and diethyl sulphate (2c.c.) were added and the heating continued 
for a further period of 18 hours. The potassium salts were filtered and 
washed with warm acetone. From the filtrate the solvent was distilled off 


and water added. The semi-solid thus obtained was directly hydrolysed 
as given below. 


7-Hydroxy-3: 5: 6: 3’: 4’-pentaethoxy-flavone (IT) 


The ethylated glucoside was treated with ailute sulphuric acid (40c.c.; 
7%) and refluxed over a wi:e-gauze for 2 hours. The solid that separated 
was filtered and washed with water. The monohydroxy compound crystal- 
lised from alcohol as colourless fine needles melting at 175-77°. It dissolved 
in aqueous sodium hydroxide to give an yellow solution, but did not give 
any colour with alcoholic ferric chloride. (Found: C, 65:3; H, 6:9; 
C.;H gO, requires C, 65:5; H, 6°6%). Yield, 0-2 g. 


7-Methoxy-3: 5: 6: 3’: 4'-pentaethoxy flavone (III) 


The above 7-hydroxy compound (0-1 g.) was dissolved in dry acetone 
(15c.c.) and treated with anhydrous potassium carbonate (2-:0g.) and 
dimethyl sulphate (0-4c.c.). After refluxing for 8 hours, the potassium 
salts were filtered off and washed with warm acetone. On distilling off 
acetone from the filtrate and adding water to the residue, the monomethoxy- 
pentaethoxy flavone separated as a colourless crystalline solid. It crystal- 
lised from alcohol in the form of fine needles melting at 119-20°. Yield, 
0-1 g. 6-Methoxy-3: 5:7: 3’: 4’-pentaethoxy flavone? (ethyl patuletin) melts 
at 127-28°. The mixed melting point of the two substances was consider- 
ably depressed. (Found: C, 66-2; H, 7-1; CsgH3.Og, requires C. 66°1; 
H, 6:8%.) 


REFERENCES 
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A NOTE ON RESOKAMPFEROL 
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RESOK2MPFEROL, 3:7: 4’-trihydroxy flavone has not so far been found to 
occur in nature; however, the higher members, fisetin and robinetin and 
its ether, kanugin have been isolated from plants. The lower member 
3: 7-dihydroxy flavone is represented by its derivative, karanjin. Though 
the synthesis and study of resokemferide, 3: 7-dihydroxy-4’-methoxy flavone 
were reported by Heap and Robinson! and later by others,” * the trihydroxy 
flavone, its trimethyl ether or acetate have not been described. Since they 
have been required in connection with other work done in this laboratory, 
they have now been made starting from w-methoxy-resacetophenone and 
condensing it with anisic anhydride and sodium anisate according to the 
method of Allan and Robinson. The 7-hydroxy-compound first produced 
is methylated to yield the trimethyl ether and demethylated to form reso- 
kemferol. Like the other members of this series this flavonol and its ethers 
exhibit strong fluorescence in solutions. 


EXPERIMENTAL 
7-Hydroxy-3 : 4'-dimethoxy flavone 


w-Methoxy-resacetophenone (2 g.) was condensed with anisic anhydride 
(9 g.) and sodium anisate (3 g.) by heating under reduced pressure at 170- 
80° for 3 hours. The reaction product was refluxed with 10% alcoholic 
potash (40 c.c.) for 20 minutes, the solvent distilled off, the residue dissolved 
in water and the deep brown solution saturated with carbon dioxide. The 
precipitated flavone was crystallised from alcohol when it separated out in 
the form of pale yellow prismatic needles melting at 248-S0°. Yield, 1-5 g. 
(Found: C, 68-6; H, 5:0; C,,H,4O, requires C, 68:5; H, 4:7%.) It 
was sparingly soluble in alcohol and the solution did not exhibit any colour 
with ferric chloride. In concentrated sulphuric acid it showed weak blue 
fluorescence. The acetate of this crystallised from alcohol in the form of 
colourless needles melting at 148-49°. 


3:7: 4'-Trihydroxy flavone 


The above 7-hydroxy compound (0-5 g.) was demethylated using acetic 
anhydride (3c.c.) and hydriodic acid (Sc.c.). The trihydroxy flavone 
96 











A Note on Resokempferol 97 


crystallised from alcohol in the form of glistening greyish yellow stout rect- 
angular prisms melting with decomposition at 280°. (Found: C, 62:8; 
H, 4-5; C,;H,,O;, HO requires C, 62:5; H, 4-2%.) Its alcoholic solution 
exhibited a green fluorescence and gave a deep violet brown colour with 
ferric chloride. Its solution in aqueous alkali had a green fluorescence 
while that in concentrated sulphuric acid had a bright peacock blue fluores- 
cence. It did not give a precipitate with lead acetate. 


The triacetate of the flavonol crystallised from alcohol in the form of 
colourless needles melting at 159-60°. 


3:7: 4'-Trimethoxy flavone 


The 7-hydroxy compound (0-2 g.) was methylated in acetone medium 
(25¢.c.) with dimethyl sulphate (0-5c.c.) and potassium carbonate (5 g.). 
The trimethyl ether crystallised from alcohol as colourless rectangular plates 
melting at 146-47°. (Found: C, 68-8; H, 5-5; CigH gO, requires C, 
69-2; H, 5-1%.) Its solution in concentrated sulphuric acid was yellow 
with a greenish blue fluorescence. 


SUMMARY 


Resokempferol, its tri-acetate and tri-methyl ether are prepared and 
described. 


REFERENCES 
1. Heap and Robinson .- J.C.S., 1926, 2342. 
2. Algar and Flynn .. Proc. Roy. Irish Acad., 1934, B 42, 1. 


3. Nadkarni and Wheeler -. J.C.S.,.1938, 1320: 








NUCLEAR OXIDATION IN FLAVONES AND 
RELATED COMPOUNDS 


Part XV. Further Synthesis of 7 : 8-Hydroxy-Flavonols 
Application of Dakins Reaction for Ortho-Oxidation 


By L. RAMACHANDRA Row, T. R. SESHADRI AND T. R. THIRUVENGADAM 
(From the Department of Chemistry, Andhra University, Waltair) 


Received August 21, 1948 


NUCLEAR oxidation by means of alkaline persulphate takes place readily in 
a position para to the activating hydroxyl group. On the other hand, ortho- 
oxidation of para-substituted phenols gives catechol derivatives in very poor 
yields or not at all. In an earlier publication! two favourable cases of ortho- 
oxidation in the flavone series were reported. 7-Hydroxy flavone and 
3-methoxy-7-hydroxy flavone were employed for oxidation, the yields of 
the products being about 10 and 20% respectively. That they were 7: 8- 
dihydroxy flavone derivatives was definitely established. In continuation of 
this work higher members of the 7-hydroxy-flavonol series with one, two 
and three methoxyl groups in the side phenyl nucleus (I a, b and c) have now 
been oxidised with persulphate, the resulting products being considered by 
analogy to be members of the 7: 8-hydroxy-flavonol group (Ila, b and c). 
The yields vary from 10 to 15%. Though these flavonols have not been so 
far discovered in nature, their occurrence seems to be quite possible and the 
present synthesis will render their future discovery easier. It should be 
remembered in this connection that anthoxanthins are far more varied in 
structure than the anthocyanins and several new types have been recently 
discovered. 
OH 
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co 
(1) (IT) 
(a) R, =R,=H 
(3) R, =OCH;, Ro=H 
(c) R,=R2=OCH; 

In the experiments on nuclear oxidation in the flavone series described 
so far, the problem of the condensed benzene nucleus has been carefully 
investigated. As far as the side phenyl nucleus is concerned the most im- 
portant oxidation that could be expected from the theory of biogenesis? is 
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represented by the conversion of quercetin (III) into myricetin (IV) in which 
a catechol unit undergoes change into a pyrogallol unit. 

















OH O __OH 
HO— OH HO— o\—<_ox 
| og | OH 
a, | a aii 
| co | co 
OH OH 
(III) (IV) 


Experiments have now therefore been carried out with alkaline per- 
sulphate to oxidise quercetin-tetramethyl-ether (V) and fisetin trimethyl 
ether (VI), but they are unsuccessful. Only minute quantities of impure 
products could be obtained which give brownish green ferric chloride colour. 
As simpler examples, kempferol trimethyl ether (VII) and 3: 7-dimethoxy- 
4’-hydroxy flavone (VIII) have also been employed cg no better results. 














a) __OCH; 
CH,0— Ww Se Now CH,0- \—< Don 
alg: 
—OCH,;  ihicsas 

a 

R : 

(V) R=OCH,; (VII) R=OCH, 

(VI) R=H (VIIl) R=H 


It has therefore to be concluded that this persulphate method is not 
suitable for ortho-oxidation in the side phenyl nucleus just as in many other 
cases also of benzenoid compounds in general. The more facile ortho- 
oxidation in the 8-position with this reagent seems to be in the nature of an 
exception depending upon the high reactivity of that position. There is no 
doubt, however, that ortho-oxidation does take place in the plant kingdom 
and particularly in the side phenyl nucleus of flavones. Only the labo- 
ratory analogy of nature’s process does not seem to be the persulphate 
method in which a hydroxyl substitutes a nuclear hydrogen atom in a single 
stage. Some other process may be involved. It would appear that a multi- 
stage process as given below offers a better analogy: (1) converting the 
phenolic compound into an orthohydroxy aldehyde or ketone and (2) sub- 
jecting the aldehyde or ketone to oxidation with hydrogen peroxide (Dakin’s 
reaction).* An ortho-dihydroxy compound results. Though Dakin’s reac- 
tion has been successfully employed with simpler benzene derivatives parti- 
cularly by Baker* in recent years, the only example® attempted in the flavone 
series (5-hydroxy-6-acetyl flavone) was reported unsuccessful. Consequently 
to begin with, it was considered necessary to test this reaction in the most 
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favourable case among the flavones, 3-methoxy-7-hydroxyflavone. An 
aldehyde was preferred to a ketone as more likely to be produced in nature 
and the hexamine method of aldehyde preparation was chosen as more 
approximate to the biogenetic process. 3-Methoxy-7-hydroxy-flavone-8- 
aldehyde (X) has been prepared and described by Rangaswami and Seshadri® 
in the course of their synthetic work on flavonofurans. This compound 
is easily made in good yields by the action of hexamine on 3-methoxy-7- 
hydroxy flavone (IX). The chief difficulty in its oxidation with hydrogen 
peroxide is its low solubility in alkali. A sparingly soluble sodium salt is pro- 
duced if the concentration of the alkali is even moderately high. But by suit- 
ably adjusting its strength and by adding pyridine a clear solution could be 
obtained and from this by the action of hydrogen peroxide almost quanti- 
tative yields of 3-methoxy-7: 8-dihydroxy flavone (XI) could be secured. 
Thus the two stage process produces about 60% yield of the ortho-dihydroxy 
flavone as against the yield of 20% by the persulphate method. These highly 
successful exploratory experiments on ortho-oxidation offer promise of 
extension for the synthesis and for the study of the biogenesis of antho- 
xanthins and related compounds. 
CHO OH 
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EXPERIMENTAL 
7: 8-Dihydroxy-3 : 4'-dimethoxy-flavone (II a) 


To a stirred solution of 7-hydroxy-3: 4’-dimethoxy-flavone’ (I a) (2 g.) 
in aqueous sodium hydroxide (2g. in 30c.c.), potassium persulphate (4 g. 
in 60c.c. of water) was added dropwise during the course of three hours. 
The solution was kept between 15° and 20° throughout the addition. After 
24 hours, it was neutralised with hydrochloric acid, when the unchanged 
flavone separated out. It was filtered and the filtrate extracted twice with 
ether to remove the last traces of it. Concentrated hydrochloric acid (30c.c.) 
was then added and the solution heated on the water-bath for half an hour. 
It became bright orange-red and a brown solid gradually separated. After 
cooling the solution, the solid was filtered and crystallised from alcohoi 
when it was obtained in the form of straw coloured elongated rectangular 
prisms melting at 269-70°. Yield, 0-2g. It gave a green colour with ferric 
chloride in alcoholic solution. (Found: C, 64:6; H, 4:3; CyH,,O, 
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requires C, 65-0; H, 4:5%.) Ether extraction of the filtered solution gave 
only a resinous product which could not be crystallised. 
3:7: 8: 4’-Tetramethoxy-flavone 

The above dihydroxy compound (0-2 g.) was refluxed in anhydrous 
acetone solution (30c.c.) with dimethyl sulphate (0-3c.c.) and anhydrous 
potassium carbonate (1 g.) for six hours. The solvent was then distilled 
off and water added to the residue. The colourless solid product was filtered 
and crystallised from alcohol. It was obtained in the form of colourless 
soft needles melting at 143-4°. It gave no colour with alcoholic ferric 
chloride and was not soluble in aqueous alkali. Yield, 0:2g. (Found: C, 
62:9; H, 6-0; loss on drying 4-7; CygH;;0.¢, H,O requires C, 63-3; H, 5-6; 
H,O loss, 5-0%). 
7: 8-Dihydroxy-3 : 3’: 4'-trimethoxy-flavone (II b) 

7-Hydroxy-3 : 3’: 4’-trimethoxy-flavone (I b)® (2 g.) was hydroxylated by 
means of potassium persulphate following the procedure already described. 
The dihydroxy flavone separated from the aqueous solution as a brown 
solid. On crystallisation from alcohol, it was obtained in the form of very 
pale yellow rectangular plates and needles melting at 236°. Yield, 0-2 g. 
It gave a deep green colour with alcoholic ferric chloride. (Found: C, 
62:5; H, 4:6; CygHigO, requires C, 62-8 and H, 4-7%.) 


3:7:8:3':4'-Pentamethoxy flavone 


The above compound (0-2 g.) was methylated with dimethyl sulphate 
(0-3c.c.) and anhydrous potassium carbonate (1 g.) in acetone solution 
(30 c.c.). It crystallised from alcohol in the form of colourless fibrous 
needles melting at 153-4°. Yield, 0-1g. It gave no colour with alcoholic 
ferric chloride and was not soluble in aqueous alkali. (Found: C, 64-5; 
H, 5-4; CapH. 0, requires C, 64-5 and H, 5-4%.) 

7: 8-Dihydroxy-3: 3’: 4’: 5’-tetramethoxy flavone (II c) 

Hydroxylation of 7-hydroxy-3: 3’: 4’: 5’-tetramethoxy flavone? (I c) (2 g.) 
was effected with persulphate as in the other cases. The crude brown pro- 
duct was crystallised twice from alcohol when it was obtained in the form of 
aggregates of yellow rectangular plates melting at 229-30°. Yield, 0-3 g. 
It gave a grass green colour with alcoholic ferric chloride’ (Found: C, 
58-4; H, 4:8; CygH,,0,, H,O requires C, 58-2 and H, 5-1%.) 
3:7:8:3':4': 5’-Hexamethoxy flavone 


The dihydroxy flavone (IIc) (0-2g.) was methylated using dimethyl 
sulphate (0-3c.c.) and anhydrous potassium carbonate (1 g.). The hexa- 
methoxy flavone crystallised from alcohol in the form of colourless fibrous 
needles melting at 167°. Yield,0:2g. It gave no colour with ferric chloride 
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and was not soluble in aqueous alkali. (Found: C, 62-7; H, 5:5; C2 :H22Os 
requires C, 62-7 and H, 5:5%.) 


Oxidation of 3-methoxy-7-hydroxy-flavone-8-aldehyde (X) 


The flavone aldehyde* (X) (0-4g.) was treated with N/2 sodium 
hydroxide (4¢.c.), pyridine (5c.c.) and water (lc.c.). The clear solution 
was kept vigorously shaken and 6% hydrogen peroxide (2 c.c.) slowly run 
in the course of ten minutes. The yellow solution gradually turned reddish 
brown. It was allowed to stand for three hours with occasional shaking. 
By this time the colour of the solution had appreciably deepened. It was 
then acidified with concentrated hydrochloric acid whereby a yellow solid 
was precipitated. It was filtered, washed and dried. The crude product 
weighed 0-4g. When extracted with cold alcohol in which the original 
aldehyde was sparingly soluble, it dissolved completely. On adding water 
little by little till turbidity developed and allowing to stand, pale yellow 
rectangular plates separated out melting at 221°. It agreed in all its pro- 
perties with an authentic sample of 3-methoxy-7: 8-dihydroxy-flavone and 
the mixed melting point was undepressed. 


SUMMARY 


In continuation of Part VIII, members of the 3-methoxy-7-hydroxy- 
flavone series with one, two and three methoxyl groups in the side phenyl 
nucleus are subjected to ortho-oxidation with alkaline persulphate; the 
yield of the corresponding 7: 8-hydroxy compounds is 10 to 15%. On the 
other hand, attempts at ortho-oxidation by this method in the side phenyl 
nucleus have failed just as in several cases of simpler benzene derivatives. 
It is suggested that ortho-oxidation in nature should be considered to take 
place in multiple stages and this has been verified using a convenient example 
in the flavone series. 3-Methoxy-7-hydroxy-flavone undergoes change into 
the corresponding 8-aldehyde by the action of hexamine and this is converted 
into 3-methoxy-7:8-dihydroxy flavone by means of alkaline hydrogen 
peroxide, the yields being very good. 
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BESIDES its composition and properties the main information on the consti- 
tution of pedicinin (I) is derived from its preparation from pedicellin (II) 
and pedicin (IIT) involving oxidative demethylation. In the case of pedicellin, 
nitric acid has to be employed and methyl pedicinin (IV) can be obtained 
as an intermediate.!_ For the conversion of pedicin, bromine was first used 
and in this case the stages in the conversion could not be isolated and further 
dibromopedicin was a by-product.? 2 On the other hand, by employing 
benzoquinone or moist silver oxide as dehydrogenating agent it has been 
possible to isolate two intermediate stages, dimethyl (V) and monomethyl 
pedicinin® (IV). 
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The details of the constitution of pedicinin had formerly to be based to a 
considerable extent on theoretical considerations and on analogies. For 
example, it was argued that a quinone carbony] is capable of activating only 





* The paper published in this journal 1948, 27, 245 may be considered as Part I. 
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one methoxyl group situated in the B-position of the katicenoid system and 
further when there are two such methoxyls the one that suffers demethyla- 
tion should be ortho to the ketonic carbonyl because it is activated by two 
katicenoid systems. That the methoxyl in the 4-position is left out has also 
been shown by the analogy of 2-hydroxy-4-methoxy-3: 6-quino-aceto- 
phenone.* It is a very essential point but is not unequivocally established 
in a simple way by the above mentioned synthesis of pedicinin from pedicellin 
and pedicin. It has now been settled in an unambiguous manner by the 
process of ethylation which has been earlier adopted in the study of partial 
methyl ethers of flavones. For this purpose pedicinin is reduced using 
stannous chloride following the procedure of Salooja, Sharma and Siddiqui? 
to dihydropedicinin. From the properties of this compound it would 
appear that it does not have the chalkone structure (VI) but has undergone 
change into the corresponding flavanone (VII). But this point need not 
be specially considered here because, as a result of complete ethylation in 
the next stage, a chalkone is formed with four ethoxyl and one methoxyl 
groups. This product is found to be identical with 4-methoxy-2: 3:5: 6- 
tetraethoxy chalkone (VIII) prepared synthetically starting from 2: 6- 
dimethoxy-quinol (IX). The various stages in this synthesis are as follows :— 
(1) Ethylation to form the quinol diethyl ether i.e., 2: 6-dimethoxy-1: 4- 
diethoxy-benzene (X). (2) Friedel and Craft’s reaction using acety! chloride 
in ether solution. The product is 2-hydroxy-4-methoxy-3: 6-diethoxy- 
acetophenone (XI). This constitution is not only based on the analogy of 
this reaction with 1:2:3:5-tetramethoxy benzene® but is also confirmed 
by the capacity of the compound to undergo presulphate oxidation, thus 
indicating the presence of a free nuclear position para to the phenolic hydroxyl 
group. (3) Nuclear oxidation of the above ketone with alkaline persulphate 
to (XID) and (4) complete ethylation using diethyl sulphate yielding 4-methoxy- 
2: 3:5: 6-tetraethoxy acetophenone (XIII). (5) Condensation of the ketone 
with benzaldehyde to form the corresponding chalkone, 2: 3:5: 6-tetra- 
ethoxy-4-methoxy chalkone (VIII). 


The abovementioned tetraethoxy-monomethoxy-chalkone (VIII) as well 
as tetraethyl-dihydropedicinin undergo oxidation with nitric acid forming 
ethyl pedicinin (XIV) and pedicinin (I) as products. Thus all the ethyl 
groups can be removed in this reaction and it is strictly analogous to pedi- 
cellnin-pedicinin conversion.* This confirms that the progress of the reduc- 
tion and ethylation of pedicinin has been as expected because the reverse 


process is effected by nitric acid and the original compound (pedicinin) is 
again obtained. 
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In the course of this work, we have examined the toxic properties of 
2: 4: 5-trimethoxy-3 : 6-quino-chalkone which is the immediate oxidation 
product of pedicin. In a concentration of 100 mg. per litre it exhibits strong 
toxic effect on fish (Haplochylus panchax) which lose balance and turn 
upside down in 11 minutes. The fish do not recover on removal to fresh 
water after this period and they die rapidly. But at a concentration of 
50 mg. per litre no appreciable toxic effect could be noticed. Though this 
compound would appear to be weaker than pedicin in regard to the rapidity 
with which toxic effect is exhibited (cf. turning time for pedicin 34 minutes 
for 100 mg. per litre), this quinone appears to be eventually stronger in its 
toxic effect because the fish die at this concentration whereas in the case of 
pedicin such death did not occur after removal to fresh water. 


EXPERIMENTAL 
Dihydropedicinin (VII) 

The reduction of pedicinin was carried out according to the procedure 
of Salooja, Sharma and Siddiqui,? the amount of stannous chloride used 
being lowered to 15g. per gram of pedicinin. The product was purified 
by crystallisation from hot aqueous alcohol and later from a mixture of 
ethyl acetate and benzene when it formed pale yellow silky needles melting 
at 162-63°. It was easily soluble in alcohol but sparingly in ether. In 
5% aqueous sodium carbonate, it gradually dissolved to a yellow solution. 
In 5% sodium hydroxide it readily formed a deep red solution which changed 
to yeilow on shaking with air. With ferric chloride in alcoholic solution a 
deep brown colour was obtained and with lead acetate an immediate pinkish 
brown precipitate. When the alcoholic solution was treated with p-benzo- 
quinone, a deep red colour resulted immediately. Contrary to the reports 
of Salooja, et al., the alcoholic solution of the substance was stable and no 
change could be observed on boiling. 


Ethylation: Tetraethyl-dihydropedicinin (VIII) 


A solution of dihydropedicinin (2 g.) in anhydrous acetone (25 c.c.) was 
treated with diethyl sulphate (5c.c.) and anhydrous potassium carbonate 
(15 g.). The mixture was refluxed for 15 hours with occasional shaking. 
The solvent was then distilled off and the residue treated with water (200 c.c.). 
The mixture was extracted with ether twice and the ether extract shaken with 
5% aqueous sodium hydroxide. After washing with water, it was dried 
over anhydrous sodium sulphate and the ether distilled when a brownish 
yellow liquid product was obtained. It did not crystallise on keeping in 
the ice-chest for a long time. In an attempt to purify it, the liquid was 
dissolved in a small quantity of ether and the solution treated with excess of 
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light petroleum. The mixture was heated to boiling and the clear very pale 
yellow solution decanted from the brown insoluble matter. On concen- 
trating it only a pale yellow viscous oil was obtained and it did not crystallise 
though it had been rendered pure. It was not soluble in aqueous alkali 
and did not give any colour with ferric chloride in alcoholic solution. It was 
characterised as the phenyl hydrazone as described below :— 


The above product (0-5 g.) was treated with phenylhydrazine (0-5 c.c.) 
and glacial acetic acid (2 drops). The viscous mixture was heated in a 
boiling water-bath for one hour, cooled and poured into ice-cold dilute 
hydrochloric acid (100c.c.). The mixture was extracted with ether twice 
and the ether extract shaken successively with dilute hydrochloric acid, 
aqueous sodium hydroxide (5%) and water. It was then dried over calcium 
chloride and distilled. The residual thick viscous mass, on dissolving in 
a small quantity of ether and cooling, deposited an almost colourless crystal- 
line solid which was filtered and washed with a little ether. Crystallisation 
from alcohol gave glistening colourless big rectangular plates and prisms 
melting at 147-49°. (Found: C, 71:4; H, 7°5; Cs9H3gO;N2 requires C, 
71:4; H, 7°1%.) Yield, 0-3 g. 

Oxidative dealkylation of tetraethyl-dihydropedicinin; Ethyl pedicinin (XIV) 
and pedicinin (1) 

A solution of tetraethyldihydropedicinin (1 g.) in glacial acetic acid 
(3 c.c.) was treated with concentrated nitric acid (1 c.c.). The solution which 
immediately turned deep red was stirred well for 2 minutes and diluted with 
water (100 c.c.). An orange red sticky mass separated out which solidified 
when kept in the ice-chest for 3 hours. It was filtered, washed well with 
water and dried. When crystallised from a mixture of benzene and ligroin 
two fractions were obtained. The first one consisted of carmine red rect- 
angular prisms melting at 202-3° alone or in admixture with an authentic 
sample of pedicinin; yield, 0-3g. The second fraction, an orange ycllow 
solid, was recrystallised from a mixture of benzene and ligroin. It formed 
orange coloured rectangular prisms melting at 113-14°. (Found: C, 65-4; 
H, 5-2; CygHygO, requires C, 65-8; H, 4-9%.) Yield,0-4g. This compound 
designated ethyl pedicinin as analogous to methyl pedicinin, was readily soluble 
in alcohol and benzene, sparingly in ether and very slightly in ligroin. It was 
easily soluble in aqueous sodium bicarbonate giving a reddish brown solution. 
It gave a deep red colour with ferric chloride in alcoholic solution. 


Conversion of ethyl pedicinin into pedicinin 


Ethyl pedicinin (0-2 g.) was dissolved in 5% aqueous sodium hydroxide 
(25 c.c.) and the clear red solution was acidified with concentrated hydro- 








108 G. S. Krishna Rao and others 


chloric acid after two minutes. The orange red solid was filtered, washed 
and crystallised from benzene. It formed carmine red rectangular plates 
and prisms melting at 202-3° and identical with pedicinin. 


2-Hydroxy-4-methoxy-3 : 6-diethoxy-acetophenone (XT) 


2: 6-Dimethoxy-1 : 4-diethoxy benzene (X) was made by the ethylation 
of 2:6-dimethoxy quinol® with diethyl sulphate and potassium carbonate 
in dry acetone medium. It will be described in detail in another connection. 


Powdered anhydrous aluminium chloride (23 g.) was dissolved in dry 
ether (60c.c.) with cooling and then a solution of 2: 6-dimethoxy-1: 4- 
diethoxy benzene (25 g.) in dry ether (60 c.c.) added. To the mixture which 
was vigorously shaken and cooled in an ice-bath was added acetyl chloride 
(12 c.c.) in small quantities during the course of an hour and the shaking 
continued occasionally for another four hours keeping the mixture in the 
ice-bath. A heavy dark greenish brown oily layer first separated out and 
slowly changed into a yellowish green hard mass. After the mixture was 
allowed to stand for 24 hours, the supernatant ether layer was decanted off 
and crushed ice and concentrated hydrochloric acid (30c.c.) were added 
to the remaining solid and vigorously stirred. The reaction mixture was 
then heated on a water-bath for 30 minutes to complete the decomposition 
of the aluminium chloride complex. While still hot, it was extracted with 
benzene twice and the benzene layer washed with dilute hydrochloric acid. 
It was then shaken repeatedly with 5% aqueous sodium hydroxide and the 
combined alkaline extracts acidified with concentrated hydrochloric acid. 
The pale yellow crystalline solid that separated out was filtered and washed 
with water. Yield, 25g. Crystallisation from alcohol yielded very pale 
yellow prismatic needles melting at 104-5°. (Found: C, 61-5; H, 7:5; 
C,3HigO, requires C, 61-4; H, 7:1%). In alcoholic solution it gave a 
reddish violet colour with ferric chloride. 
2-Hydroxy-4-methoxy-3 : 6-diethoxy chalkone 


To a solution of the above ketone (10 g.) in alcohol (100 c.c.) was added 
benzaldehyde (40 c.c.) and the mixture treated with strong aqueous potash 
(80 g. in 80c.c.) with cooling. Sufficient alcohol was then added to get a 
clear homogeneous solution. The flask was tightly stoppered and left at 
the laboratory temperature for three days. The dark red reaction mixture 
was then poured into water (1,000c.c.) and filtered from an amorphous 
yellow solid that separated out. The clear alkaline filtrate was extracted 
with ether and acidified with concentrated hydrochloric acid. The chalkone 
separated out as an orange coloured solid which was filtered and washed 
with aqueous sodium bicarbonate followed by water. Crystallisation from 
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alcohol gave it in the form of long orange needles melting at 135-36°. 
(Found: C, 68-7; H, 6:6; C..H.O;, $H.O requires C, 68-4; H, 6-5%.) 
It was sparingly soluble in aqueous sodium hydroxide and in alcoholic solu- 
tion gave a deep reddish brown colour with ferric chloride. Yield, 9 g. 
Oxidation of this chalkone with alkaline persulphate did not proceed satis- 
factorily. 


2: 5-Dihydroxy-3 : 6-diethoxy-4-methoxy acetophenone (XII) 


2-Hydroxy-4-methoxy-3 : 6-diethoxy acetophenone (10 g.) was dissolved 
in aqueous potassium hydroxide (9 g. in 50 c.c.) and the clear solution, while 
being stirred and cooled at 15-20°, was treated dropwise with a solution of 
potassium persulphate (15 g. in 250 c.c.) and aqueous potash (9 g. in 30 c.c.) 
during the course of 2 hours. The deep brown reaction mixture was allowed 
to stand for 24 hours and neutralised to Congo Red using hydrochloric acid. 
The unchanged ketone separated as a brown solid which was extracted twice 
with ether. The clear brown aqueous solution was then treated with sodium 
sulphite (2 g.), concentrated hydrochloric acid (50 c.c.) and benzene (100 c.c.) 
and the mixture refluxed for 30 minutes. The benzene layer was separated 
and the extraction repeated with some more benzene (50 c.c.) for 15 minutes. 
The combined benzene extracts were separated, washed with a small quantity 
of water and dried over anhydrous sodium sulphate. After distilling off the 
solvent, the dihydroxy ketone was left behind as a brownish yellow crystalline 
solid. It was recrystallised from a mixture of alcohol and aqueous sulphur 
dioxide when it separated out as glistening pale yellow leaflets melting at 
131-32°. (Found: C, 58-0; H, 7:0; Cy3HygO, requires C, 57-8; H, 6-7%.) 
It was easily soluble in alcohol and benzene but sparingly in water. In 
aqueous sodium hydroxide it formed a yellowish brown solution. With 
ferric chloride in alcoholic solution it gave an evanescent green colour which 
changed to deep brown red. Yield, 3-5 g. 


2:3: 5: 6-Tetraethoxy-4-methoxy chalkone (VIIT) 


The dihydroxy ketone described above (3 g.) was ethylated in anhydrous 
acetone medium (50c.c.) with diethyl sulphate (8c.c.) and anhydrous 
potassium carbonate (20 g.). On working up as usual, the ethyl ether (XIII) 
separated out as a brownish yellow viscous liquid (yield, 2-8 g.). This did 
not crystallise even on keeping in the ice-chest for a number of days. It 
was insoluble in alkali and did not give any colour with ferric chloride and 
was therefore directly used for the subsequent chalkone condensation. For 
this, a solution of the ethylated ketone (2 g.) in alcohol (15 c.c.) was treated 
with benzaldehyde (6c.c.) and strong aqueous potash (15g. in 10c.c.). 
Sufficient alcohol was then added to get a clear solution which was allowed 
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to stand for 2 days. The mixture was poured into water (300c.c.) and 
extracted with ether. The ether extract was distilled off employing a current 
of steam in the final stages to remove benzaldehyde and benzyl alcohol. 
The chalkone left behind was taken up in ether, the solution dried over 
. calcium chloride and purified by treatment with light petroleum as described 
under tetraethyl-dihydropedicinin. The pale yellow viscous oil that was 
obtained did not crystallise and was therefore characterised in the form of 
the phenyl hydrazone which was made according to the procedure already 
described for the natural sample. It crystallised from alcohol as colouriess 
rectangular prisms melting at 147-49°. The melting point was undepressed 
when mixed with the sample prepared from dihydro-pedicinin. 


This synthetic sample of tetraethoxy-methoxy-chalkone underwent 
oxidative de-ethylation with nitric acid to yield ethyl pedicinin and pedicinin. 


SUMMARY 


An essential point which has not been established in a simple manner by 
the previous study of pedicinin and its synthesis relates to the position of 
the methoxyl group. This has now been settled in an unambiguous manner 
by the reduction of pedicinin with stannous chloride to dihydropedicinin 
and its ethylation. The product is found to be identical with 4-methoxy- 
2:3:5:6-tetraethoxy chalkone obtained synthetically starting from 2:6 
dimethoxy quinol. This chalkone undergoes oxidative de-ethylation with 
nitric acid yielding ethyl pedicinin and eventually pedicinin. 

The toxic properties of dimethyl pedicinin (2: 4: 5-trimethoxy-quino 
chalkone) have been studied using fish. 
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ATTEMPTS to determine the constitution of the sulphur dyes have so far had 
only limited success on account of the intrinsic difficulties of the problem: 
the amorphous and uncrystallisable character of the dyes; their instability 
and insolubility as a result of which molecular weight determinations have 
not been made; their variability of composition, and their tendency on 
treatment with reagents to undergo total decomposition or a breakdown to 
products which are as difficult to isolate in pure form as the parent dyes 
themselves. The chemistry of Hydron Blue, which can be regarded as 
representative of a group of sulphur and sulphurised vat dyes obtained by 
thionation of indophenols, has now been re-examined. The important dye, 
Hydron Blue, is prepared by the thionation of carbazole-indophenol which 
is obtained by the condensation of carbazole and p-nitrosophenol. The 
imports? of the dye into India during 1937-38 were 1,45,433 lbs. of the 
value of Rs. 3,24,163. An interesting and commercially significant feature 
of Hydron Blue is the use of carbazole as a starting material, a product which 
is readily available as a bye-product in the isolation of pure anthracene from 
crude anthracene. Hydron Blue R and RR are useful for the production 
of navy and dark blue shades on cotton, especially in piece dyeing, and were 
marketed as competitors to indigo. The dyeings are carried out from the 
yellow alkaline hydrosulphite vat. In fastness properties Hydron Blue is 
superior to the Sulphur Blues, but inferior to anthraquinone vat dyes, the 
fastness figures for light, washing and chlorine being 6, 4-5 and 3 respectively. 


The character of the sulphurised indophenols as thiazine derivatives 
was indicated by Meyenberg and Levy* and by Gnehm and Kaufler.4 The 
latter workers found that Immedial Pure Blue, a dye prepared by the thiona- 
tion of 4-dimethylamino-4’-hydroxydiphenylamine, when heated with 
potassium bromate and hydrogen bromide gave Tetrabromo-Methylene 
Violet (I) which was identical with the product obtained from Methylene 
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Blue by similar treatment. Many years later Weinberg® suggested the 
constitution (II) for Hydron Blue without giving any analytical or other 
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evidence. 


The main contribution to the chemistry of sulphur dyes and sulphurised 
vat dyes is due to Fierz-David and his collaborators*? who have collected 
valuable data regarding the type of linkages and ring systems occurring in 
sulphur dyes, especially in the blue and green series. Fierz-David formulated 
a scheme for the purification of these dyes, the impurities being removed by 
exhaustive extraction successively with dilute hydrochloric acid, dilute 
ammonia, water, alcohol and ether. Several blue and green dyes obtained 
by the sulphurisation of indophenols from diphenylamine (Pyrogen Indigo), 
dimethylaniline (Immedial Pure Blue), carbazole (Hydron Blue), 1-phenyl- 
aminonaphthalene-8-sulphonic acid (Pyrogen Green), etc., were thus purified. 
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In spite of the inevitable limitations of this method of purification, and 
although important data, such as the molecular weight, could not be deter- 
mined, Fierz-David was able to suggest structures for these dyes (é.g., 
Immedial Pure Blue; Pyrogen Indigo; Hydron Blue) which explain most 
of their known properties. The thiazine units in these dyes were estimated 
by sulphonating the dyes with a mixture of concentrated sulphuric acid and 
chlorosulphonic acid to make them water-soluble, and then titrating them 
with titanous chloride.’ The possibility of decomposition of the dyes during 
the acid treatment and the recorded results of the titrations indicated the 
limited value of the method. 


The solubility of the Immedial Pure Blue type of dye in aqueous sodium 
sulphide is attributed by Fierz-David’ to the reduction of the quinonimine 
groups and to the fission of the disulphoxide groups to the thiols. The 
yellow solution obtained by alkaline reduction gave on air-oxidation a blue 
solution which was stable in the cold for a very long time. This behaviour 
distinguishes these sulphu: dyes from the sulphurised vat dyes which are 
soluble as leuco-derivatives only in the presence of alkaline hydrosulphite 
and are precipitated in the quinonoid form by air-oxidation. In the case 
of sulphur dyes mild oxidation by air causes the re-formation of the quino- 
nimine groups, but the thiol groups formed in the reduction remain un- 
affected under these conditions and impart alkali solubility to the dye. On 
boiling or acidification re-oxidation of the thiols to the insoluble disulphides 
occurs, resulting in the precipitation of the dye from the blue solution. The 
leuco-compounds from Pyrogen Indigo and Hydron Blue were condensed 
with chloracetic acid to form alkali-soluble derivatives which, however, were 
very unstable to air-oxidation. By carefully working in absence of air 
Bernasconi and Fierz-David® successfully isolated and purified the deriva- 
tive from Pyrogen Indigo, for which the structure (VI)-has been assigned on 
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the basis of elementary analysis. The formation of the thioglycollic acid 
derivatives was considered as a further proof of disulphide or disulphoxide 
linkages in the molecule of Pyrogen Indigo and its analogues. Considering 
the possibility of the phenolic hydroxyls in the leuco-derivatives also (or 
in fact in preference to the thiol groups) reacting with chloracetic acid, 
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and the instability of the derivatives as being due to the ready fission of 
O-carboxymethy! (—OCH,CO.H) on account of the great tendency for the 
re-formation of thiazones by air-oxidation, it is necessary to interpret the 
results of Bernasconi and Fierz-David* with caution. 


The problem of the constitution of sulphurised indophenol dyes was 
then approached from the synthetic angle. Employing the Herz synthesis, 
Fierz-David’ synthesised (VIII), which was very similar to Pyrogen Indigo 
by the following scheme: 
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On similar grounds synthetic equivalent of Hydron Blue was formulated 
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Employing trichlorotoluquinone and dichloro-p-xyloquinone in place 
of chloranil, Fierz-David? observed that the product in the first case had 
poor tinctorial power, while the latter did not behave as a sulphide or 
sulphurised vat dye. This proved that at least one of the important sulphur 
containing groups must be in the o-position to the thiazine ring. On the 
basis of these results and elementary analysis the structures (VIII) and (IX) 
were suggested for synthetic Pyrogen Indigo and Hydron Blue, and (IV) 
and (V) respectively for the purified commercial dyes. 
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Bernasconi and Fierz-David*® have formulated the synthetic analogue 
(VIII) of Pyrogen Indigo as a hydroxylated derivative containing one 
hydroxyl group per benzothiazine unit and the sulphur links as sulphide 
and disulphide links as against sulphoxide and disulphoxide linkages in the 
commercial dyes without giving any evidence barring elementary analysis. 
Shibata and Nishi® have also supported the phenolic structure for synthetic 
Hydron Blue on the basis of elementary analysis. Fierz-David’ }° how- 
ever has sometimes assumed the complete identity of the synthetic dyes with 
the commercial analogues prepared by a thionation process, and on other 
occasions he has merely marked the positions in question with -asterisks.}° 
In one case’? he has formulated a carbon-carbon linkage between pairs of 
dibenzothiazine units in a black dye obtained by intense thionation of a 
sulphur dye prepared from p-anisidine. Considering that no proof as regards 
the presence of the hydroxyl groups in (VIII) and (IX) is available, and 
secondly the very close resemblance in the elementary analysis of the puri- 
fied commercial dyes and their synthetic analogues*® (the molecular 
formule of V and IX differ only in the latter having one oxygen atom less), 
there appears to be no reason for differentiating between the commercial 
and synthetic dyes. In support of this view may be cited the observation of 
Bernasconi and Fierz-David® that the two are very similar and give similar 
absorption spectra. 


Sulphur Dyes and Sulphurised Vat Dyes—I 


The constitution (V) for Hydron Blue can be valid only if x stands for 
2, or if polymerisation has taken place by a carbon-carbon linkage at the 
position marked *. The latter possibility is unlikely on the assumption 
that Hydron Blue (V) and Immedial Pure Blue (III) are similarly consti- 
tuted, since the latter on bromination gave (I). We have now desulphurised 
Hydron Blue by treatment with Raney nickel in morpholine solution and 
obtained a product, which is identical with the reduction product from 
carbazole-indophenol, thus providing further and more definite proof of 
the absence of carbon-carbon linkages between the thionated carbazole 
indophenol units. > 


If Hydron Blue was a dimer (x = 2 in V), a compound such as (X) 
should be similar to Hydron Blue in its dyeing and other properties. Carba- 
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zole was condensed with nitroso-m-cresol, and the indophenol (XI) was 
thionated when a dye presumably of the structure (X) was obtained. This 
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(XI) 


product, however, gave a weak greyish blue shade, indicating the importance 
of polymerisation through the positions occupied by the methyl groups for 
the dyeing property associated with Hydron Blue. Fierz-David’ had also 
observed the poor tinctorial power of the dye from methyldichloro-thiazone 
obtained by the condensation of mercaptoaminocarbazole and trichloro- 
toluquinone, but since the methyldichloro-thiazone can have three alternative 
structures, sulphurisation can take place in three different ways. When, 
however, (XI) is thionated, cyclisation to the thiazine musi take place in the 
5-position, and further sulphurisation can only proceed through the 2 and 4 
positions leading to (X) or a similar structure. The poor dyeing property 
of (X) thus provides definite proof that x must be more than two in structure 
(V) and that the l-position must be involved in the polymerisation. If the 
structure (IX) for synthetic Hydron Blue were correct, (IX) and (X) should 
have similar dyeing properties, while in actual fact (X) had poor tinctorial 
power. This indicates that synthetic Hydron Blue is not a phenolic deri- 


vative such as (IX), as suggested by Fierz-David,® but is essentially identical 
with the commercial dye. 


In order to establish other sites of polymerisation, the indophenol (XID, 
from nitroso-o-cresol and carbazole, was thionated. The resulting product 
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gave a weak grey shade, indicating that polymerisation through at least one 
of the positions ortho to the carbonyl group in the thiazones is fundamental 
to the dyeing property of Hydron Blue. 


Taking all these facts into consideration, the constitution (XIII) is now 
proposed for Hydron Blue. This differs from the structure (V) suggested 
by Fierz-David with regard to the manner in which the thiazine from carba- 
zole-indophenol polymerises to give Hydron Blue. Fierz-David suggested 
polymerisation through disulphoxide linkages, but it has been pointed out 
earlier that such a structure does not allow polymerisation beyond the tetra- 
meric stage (x = 2 in V), and does not take into account polymerisation at 
the 1:1’ positions. The constitution now suggested postulates polymerisa- 
tion through sulphoxide linkages. Other analogous sulphurised indo- 
phenols such as Immedial Pure Blue and Pyrogen Indigo can also be simi- 
larly constituted as units polymerising through sulphoxide groups. 


It is well known that when chlorinated intermediates are thionated the 
halogen is generally replaced by sulphur; under suitable conditions of 
thionation each chlorine atom can be replaced by a thiol group, so that this 
provides a useful method for locating the position of the latter. It is there- 
fore likely that when the trichlrothiazone (XIV), obtained by Herz synthesis, 
is thionated all the halogen atoms are replaced by sulphur linkages leading 
to (XIII), as this is the only structure possible which will agree with the 
sulphur content of Hydron Blue. The preparation of the 1:3: 6: 8-tetra- 
bromo-derivative (I) from Immedial Pure Blue suggests substitution in the 
1: 3-positions by sulphur linkages, which are split off and replaced by 
bromine during bromination of the dye. The apparent anomaly of the 
absence of a bromine atom in the 4-position in (I) in place of a sulphur 
linkage in the parent dye, may be due to the lability of bromine in this posi- 
tion. In this connection it may be mentioned that Fierz-David’ found that 
trichlorothiazones of the type of (XIV) could not be isolated in an analytically 
pure condition due to the lability of one of the chlorine atoms, probably 
that substituted in the 4-position. 


Frank?! has prepared a thioglycollic acid from Immedial Indone, which 
on oxidation gave a blue dye; the thioglycollic acid linkage remaining un- 
affected during this oxidation. The instability of the thioglycollic acid 
derivatives such as (VI) to air-oxidation noted by Fierz-David’ cannot thus 
be readily explained. The formation of these derivatives from Hydron 
Blue and other analogous dyes represented by the structure (XIII) is due to 
the reaction of chloracetic acid with the phenolic hydroxyls of the leuco- 
compounds, giving glycollic instead of thioglycollic acid derivatives as 
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Suggested by Fierz-David. When these derivatives are exposed to air the 
thiazones are readily re-formed with fission of the carboxymethyl groups; 
the great instability of these derivatives to air-oxidation is thus accounted 
for. As an experimental proof of the formation of the diglycollic acid 
derivative from the unit (XIII) of Hydron Blue by the interaction of the 
phenolic groups of the leuco-compound with chloracetic acid, the glycollic 
acid from the leuco-derivative (XVI) of the simple thiazone (XV) was _pre- 
pared. Condensation of the leuco-compound (XVI) with sodium chloracetate 
under weakly alkaline conditions, followed by acidification, gave a blue 
precipitate of the glycollic acid derivative (XVIII). As this product (XVIII) 
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is slowly oxidised by air under acid conditions to the parent thiazone (XV), 
it was worked up in an atmosphere of carbon dioxide. The glycollic acid 
dissolves in aqueous sodium hydroxide giving a violet blue solution from 
which the glycollic acid can be reprecipitated by acidification. On reduction 
with glucose and alkali, (XVIII) gave a pale grey vat (XVII) from which it 
can be regenerated by air oxidation or acidification. On the other hand, 
the vat (XVII), obtained by treatment of (XVIII) with alkaline hydrosulphite, 
when acidified gave the acid vat (XXI) as a yellowish olive precipitate. The 
thiazone (XV) also behaved similarly giving an olive acid vat (XX) on acidi- 
fication of the alkaline hydrosulphite vat, and giving the parent thiazone 
(XV) on acidification of the alkaline glucose vat. The deep blue colour of 
the glycollic acid and of its solution in aqueous alkali can be accounted for 
by constituting the glycollic acid as (XVIII) and (XIX) under acid and 
alkaline conditions. It may be mentioned that the blue glycollic acid 
obtained by Frank?! from Immedial Indone, referred to earlier, has been 
assigned a constitution similar to (XVIII). While the thiazone (XV) dyes 
a bright reddish blue shade on cotton from an alkaline hydrosulphite vat 
which is fast to soaping, the glycollic acid (XVIII) is non-substantive. The 
latter (XVIII) is further distinguished from the thiazone (XV) by the fact 
that it dyes a purple shade on wool when dyed as an acid dye. The forma- 
tion of the glycollic acid (XVIII) from the thiazone (XV) provides experi- 
mental evidence for the suggestion that in Hydron Blue also similar deri- 
vatives are formed, and not the thioglycollic acid derivatives as proposed by 
Fierz-David.* If thiols are formed during the reduction of Hydron Blue 
(V) to the leuco-derivative, reaction of the latter with chloroacetic acid 
should yield a tetra-acetic acid derivative, corresponding to the two thiol 
and the two phenolic groups in (XXII) as against the di-acetic acid deriva- 
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tive (VI) obtained by Fierz-David® in the case of the analogous dye, Pyrogen 
Indigo. It appears, therefore, that the chloracetic acid reaction product 
of Fierz-David is a diglycollic acid derivative of the type (XVIII). 


The solubility of Hydron Blue and analogous dyes after air-oxidation of 
the leuco derivatives of these dyes, which was explained by Fierz-David on 
the basis of disulphide or disulphoxide linkages, cannot be readily accounted 
for if the structure such as (XIII) is postulated for these dyes. In view of 
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the ready oxidation of thiols in alkaline solution by air, the stability of the 
sodium thiophenolates noted by Fierz-David’ is indeed surprising. When 
Hydron Blue is reduced by sodium sulphide it gives a green vat from which 
cotton can be dyed to give a dull blue shade. It appears in Hydron Blue 
(XIID, the quinoneimine groups are progressively reduced, the final stage 
of reduction being the pale yellow vat obtained by treatment with alkaline 
hydrosulphite. The green vat obtained on treatment with sodium sulphide 
and the blue solution obtained after air-oxidation may represent intermediate 
stages in oxidation in which only part of the quinoneimine groups in the 
polymeric structure (XIII) are regenerated, while others remain reduced as 
phenolic groups giving alkali-solubility. The sulphurised vat dyes such as 
Hydron Blue are distinguished from the sulphide dyes such as Immedial 
Pure Blue and Pyrogen Indigo by their greater fastness, insolubility or spar- 
ing solubility in sodium sulphide and by their being dyed from an alkaline 
hydrosulphite vat. Since all these dyes are now regarded as possessing the 
same structural pattern as represented by (XIII), the differences in solubility 
in sodium sulphide may be due to the decreased solubility on account of 
the presence of carbazole units in Hydron Blue as against p-dimethylamino 


and p-phenylamino groups which are present in Immedial Pure Blue and 
Pyrogen Indigo respectively. 


EXPERIMENTAL 


Preparation of carbazole-indophenols.—Carbazole (10 g.) was dissolved 
in concentrated sulphuric acid (250c.c.) and cooled to — 13°. A soluiton 
of p-nitrosophenol (7-5 g.) in concentrated sulphuric acid (75c.c.) was 
also cooled to — 13°, and then added rapidly to the above solution under 
vigorous stirring when the temperature rose to — 4 to — 5°. The solu- 
tion was further worked up under cooling tiil the temperature was again 
— 13° (5-10 minutes) and was then poured over ice. The indophenol 
which separated was washed, dried in vacuum (15 g.), and then purified by 
dissolving in acetone and reprecipitation with water when it separated as a 
finely divided precipitate. (Found: N, 10-0. C,gH;,ON. requires N, 
10:2%.) Carbazole-indopherol gave a light brown suspension in aqueous 


sodium sulphide and a colourless colloidal alkaline hydrosulphite vat. It 
is non-substantive to cotton. 


Indophenols (XII) and (XI) from carbazole p-nitroso-o-cresol and p- 
nitroso-m-cresol were similarly prepared. (Found: for XI N, 10-2, and 
for XII N, 10-0. C,gH,,ON, requires N, 10-0%.) 


Thionation of carbazole-indophenols—Hydron Blue R was prepared by 
heating carbazole-indophenol (3-6g.), fused sodium sulphide (3-4g.), 
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sulphur (4-32 g.), and butanol (25 c.c.) under reflux with mechanical agita- 
tion for 48 hours. After distilling the solvent, the melt was diluted with 
sodium chloride solution and the excess of sulphur was removed from the 
crude dye by extraction with aqueous sodium suphide (yield, 5g.). Thio- 
nation of the indophenols (XI) and (XII) was similarly carried out to give 
the corresponding dyes. 


The thionated dyes were purified according to Fierz-David’ by washing 
with water and then extracting successively with alcohol, ether and carbon 
disulphide in a soxhlet. The nitrogen content of the purified Hydron Blue 
is in agreement with the constitution (XIII). (Found: N, 7:2. CggHiO, 
N,S, requires N, 7:5%), but the analysis of the purified dyes from (XI) and 
(XID could not be related to any definite structure. 


The dyeing properties of the purified dyes were then compared. Hydron 
Blue R had good substantivity to cotton, practically all the dye being 
exhausted at the end of the dyeing (3% shade), and very little bleeding was 
observed in soaping. Thionated m-cresol indophenol (XI) was less _sub- 
stantive than Hydron Blue and dyed a pale blue shade, which bled consi- 
derably in soaping. The purified thionated dye from (XII) had little or no 
dyeing property, but the crude product gave a brownish black shade in- 
ferior in tinctorial power as compared to Hydron Blue. The dyeings were 
again not fast to soaping. Hydron Blue R also dyes a deep blue shade on 
cotton from sodium sulphide vat. 


Raney nickel reduction of carbazole-indophenol.—Pure carbazole-indo- 
phenol (2 g.), Raney nickel (20g.) and morpholine (50c.c.) were refluxed 
under stirring for 8 hours. The blue solution turned yellow on reduction. 
The reaction mixture was filtered and the nickel residue was washed twice 
with hot morpholine. The total morpholine extracts were poured into a 
mixture of ice and hydrochloric acid. The precipitate obtained was filtered 
and washed till free from hydrochloric acid, dried (1-5 g.), and finally purified 
by dissolving in acetone and precipitating by water. The reduced bluish 
violet product was collected and dried in vacuum, m.p. 220-2°. (Found: 
N, 10:0. C,gHg,ON, requires N, 10:1%.) The parent carbazole-indo- 
phenol does not possess a sharp m.p. 


Raney nickel reduction of Hydron Blue R.—Hydron Blue R, purified 
according to Fierz-David,’ (1 g.), Raney nickel (10g.) and morpholine 
(50 c.c.) were refluxed for 8 hours. The reduction product was found to be 
free from sulphur and was isolated as above (yield, 0-4g.). After purifica- 
tion from acetone, it melted at 218-220°; undepressed when mixed with the 
reduction product from carbazole-indophenol (Found: N, 10-1%), 
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Preparation of the thiazone (XV).—The thiazone was prepared accord- 
ing to Kulikov.!2 A solution of carbazole-indophenol (1 g.) in acetic acid 
(8 c.c. of 80%) and alcohol (500 c.c.) was treated with 0-05 N sodium thio- 
sulphate solution till the violet colour disappeared. The solution was 
filtered and the leuco-indophenol thiosulphate obtained was oxidised by the 
addition of a solution of sodium acetate (1-5 g.) and ferric chloride (18 c.c. 
of 50%). After leaving the mixture overnight the precipitate of the thiazone 
(XV) separated. The thiazone is sparingly soluble in aqueous sodium 
hydroxide, and gives a pale yellow vat in alkaline hydrosulphite from which 
cotton is dyed a bright blue shade. On acidification of the alkaline hydro- 
sulphite vat with acetic acid an olive precipitate of the acid vat (XX) sepa- 
rated. The thiazone is not reduced in alkaline glucose solution at room 
temperature, but on warming it gives a vat from which the thiazone could 
be regenerated by acidification with acetic acid. 


Preparation of the glycollic acid (XVIII).—The above thiazone (0-62 g.), 
glucose (2:17 g.) and 5% sodium hydroxide solution (30¢.c.) were boiled 
together till the thiazone was reduced. The volume was then made to 
120c.c. with water and the solution was heated to boil. A solution of 
chloracetic acid (1-86 g.) in 5% sodium hydroxide (16c.c.) was then added 
and the solution was heated on water-bath for an hour. The unconverted 
thiazone was removed by filtration and the filtrate was cooled to 0-5°, 
acidified with 5% hydrochloric acid (Congo Red) and then transferred to a 
250 c.c. stoppered measuring cylinder. The air in the cylinder was displaced 
by carbon dioxide and the precipitated glycollic acid allowed to settle at 
5-10°. The supernatant pale greenish yellow solution was decanted off, 
the glycollic acid was shaken with water and again allowed to settle after 
covering with carbon dioxide. The glycollic acid was further washed thrice 
in a similar manner and then filtered under a current of carbon dioxide and 
washed with water. It was dissolved in cold 5% sodium hydroxide solution 
(50 c.c.) when a greenish blue solution was obtained. After filtration the 
alkaline solution was acidified with dilute hydrochloric acid and the blue 
precipitate of the glycollic acid (XVIII) was cooled to 10°, filtered under 
carbon dioxide, washed till neutral and finally dried over phosphorous 
pentoxide in vacuum. The dry blue powder of the glycollic acid decom- 
posed above 230°. The glycollic acid (XVIII) gives a purple solution in 
aqueous sodium bicarbonate and a violet blue solution in aqueous sodium 
hydroxide from which it can be recovered as a blue precipitate on acidifica- 
tion. On warming with alkaline glucose solution, it gave a pale grey vat 
from which the acid can be recovered by acidification with acetic acid. 
Alkaline hydrosulphite reduces the acid (XVIII) to a pale grey vat in the cold 
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and acidification of the reduced solution gives a yellowish olive precipitate 
of the acid vat, presumably of the reduced glycollic acid (XXI). When 
wool is dyed first from a weak sodium bicarbonate and then an acetic solution 
of the glycollic acid (XVIII), a purple shade is obtained. The glycollic acid 
did not possess affinity to cotton as a vat dye. 


SUMMARY 


The constitution (V) proposed by Fierz-David for Hydron Blue, in 
which polymerisation of the thiazine from carbazole-indophenol through 
disulphoxide linkages is postulated, does not take into account the necessity 
of polymerisation through the positions marked by asterisks in (V) to account 
for the dyeing property of Hydron Blue. The fact that polymerisation of 
thionated carbazole-indophenol units does not proceed through carbon- 
carbon linkages has been proved by the identity of the reduction products 
from carbazole-indopheno] and from Hydron Blue, obtained by treatment 
with Raney nickel. The formation of the glycollic acid (XVIII) from the 
thiazone (XV) indicates the possibility of reaction between the phenolic 
groups in leuco-Hydron Blue and chloracetic acid. If disulphoxide linkages 
were present in Hydron Blue (V) and its analogues, such as Pyrogen Indigo 
(IV), the condensation of their leuco-derivatives with chloracetic acid should 
have given tetra-acetic acid derivatives corresponding to the two thiol and 
the two phenolic groups in their leuco-compounds (e.g., XXII). Fierz- 
David, however, obtained a diacetic acid derivative from Pyrogen Indigo. 
Taking these facts into consideration, the constitution (XIII) is now pro- 
posed for Hydron Blue, in which polymerisation of thionated carbazole- 
indophenol units through sulphoxide linkages is postulated. Other ana- 
logous sulphurised indophenols can also be similarly constituted. The new 
constitution for sulphurised indophenol dyes readily accounts for the forma- 
tion of a diacetic acid derivative from Pyrogen Indigo on the basis of the 
reaction between chloracetic acid and the phenolic groups in leuco-Pyrogen 
Indigo as in the case of the simple thiazone (XV). 


We are indebted to the Council of Scientific and Industrial Research 
under whose auspices part of the work was carried out, and to Mr. T. S. 
Gore for the microanalyses recorded in the paper. 
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Received July 23, 1948 
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THE Chalkones were prepared according to the method of Sorge.1 The 
bromination of these chalkones gave bromo derivatives, but in the case of 
dihydroxy compounds, it was observed that the nucleus containing -OH 
groups was more reactive than the double bond in the molecule. 


The reactivity of these dibromide derivatives was examined with 
potassium iodide, potassium hydroxide, sodium alkoxide, pyridine and 
potassium cyanide. 


With potassium iodide both bromine atoms of the dibromide were found 
labile, when the corresponding styryl ketones were obtained, whose consti- 
tutions were proved by mixed melting points with authentic specimens. 
(cf. Dodwadmath and Wheeler?; Barne and Payton*; Nadkarni, Warrior 
and Wheeler‘). 


With potassium hydroxide these dibromides gave benzylidene couma- 
ranones. Similar results were obtained with sodium alkoxide, except in 
the case of the ketone (XII) when f-alkoxy-styryl ketones were obtained, 
thus pointing to the more reactive nature of the B bromine atom (ef. 
Cullinane and Phillipott®; K6lher and Addinall*; Price and Bogert’; 
Nadkarni, Warrior and Wheeler*; Bhagwat and Wheeler’; Rao and 
Wheeler®). 


With Pyridine ketones (XI), (XII) and (XIII) gave a-bromostyryl 
ketones (XXII), (XXIII) and (XXIV) respectively whilst the ketone (XIV) 
gave the coumaranone (XVIII) (cf. Nadkarni, Warrior and Wheeler*; 
Bhagwat and Wheelez*; Rao and Wheeler’). 


Potassium cyanide gave flavones (XXV), (XXVI) and XXVII) in the 
case of ketones (XJ), (XII) and (XIII) respectively, whilst ketone (XIV) gave 
the coumaranone (XVIII) (cf. Hutchins and Wheeler!®; Rao and Wheeler’). 
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These results point out that the reactivity of the bromine atoms depend 
upon the nature of the reagent as well as on the substituents in the phenyl 
part of the ketone molecule. With more basic reagents 8-bromine atom is 
more reactive than the a-one. 


EXPERIMENTAL 


The chalkones were prepared by dissolving the requisite ketone and 
aldehyde in alcohol and a strong caustic potash solution at ordinary tempe- 
rature. The mixture, after a suitable period, was diluted with water, alkali 


The compounds are 


neutralised and crystallised from a suitable solvent. 
described in Table I. 
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The bromination of these chalkones was carried in chloroform medium 
with 10 per cent. solution of bromine in chloroform and the bromo deriva- 
tives were obtained after the removal of the solvent and crystallised from a 
suitable solvent. The compounds are described in Table II. When liquid 
bromine was used for bromination, the solid was washed with sodium 
bisulphite before crystallisation. 


Action of potassium iodide 


The ketone (X) was dissolved in acetone (40 c.c.) and potassium iodide 
(1 g.) was added to it. The mixture was then boiled under reflux for about 
45 minutes. The solid obtained after the removal of the solvent was 
washed with sodium thiosulphate solution and finally crystallised from 
alcohol in yellow needles, m.p. 110-11°. It was found identical with (I) by 
mixed melting point. 


The ketone (XI) under similar conditions gave ketone (II). The ketone 
(XII) when refluxed with potassium iodide in acetone solution for two hours 
gave 2-hydroxy-5-bromophenyl B-2'-methoxy-5'-bromostyryl ketone (XV). It 
crystallised from acetic acid in yellow needles, m.p. 156-57°. Found: Br, 
38 -6, C,gH,,0; Br, requires Br, 38 -8 per cent. 


The ketone (XIV) under similar conditions gave ketone (V) and ketone 
(XII) gave the ketone (IX). 


Action of potassium hydroxide 


The ketone (XI) (2 g.) was dissolved in acetone (500c.c.), 10 per cent. 
solution of caustic potash (20c.c.) was added to it and the mixture boiled 
under reflux for about five minutes. The solid obtained on cooling was 
washed with water and finally crystallised from alcohol in yellow needles, 
m.p. 161-62°. It gave red colour with sulphuric acid. Found: Br, 24-6, 
CygH.O,Br requires Br, 24-2 per cent. It should be 2’-methoxy-5’-bromo- 
benzylidene coumaranone (XVI). 


Ketone (XII) under similar conditions gave 5-bromo-2’-methoxy-5' 
bromobenzylidene coumaranone (XVII). It crystallised from acetic acid in 
yellow needles, m.p. 173-74°. It gave red colour with sulphuric acid. 
Found: Br, 39-2, CigH:,O3; Bre requires Br, 39-02 per cent. 

Ketone (XIV) under similar condition gave 5:7 dibromo-6-hydroxy- 
2’-methoxy-5S'-bromobenzylidene coumaranene (XVIII). It crystallised from 
a mixture of acetic acid and nitrobenzene in yellow needles, m.p. 298-99°. 
Found: Br, 47-2; C,gH,O,Br, requires Br, 47-5 per cent. It gave red 
colour with sulphuric acid. 
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Ketone (XIII) under similar conditions gave 5-bromo-6-methoxy-2'- 
methoxy-5'-bromo-benzylidene coumaranone (XIX). It crystallised in yellow 
needles from acetic acid, m.p. 258-59°. Found: Br, 36:7; C,,H,,O,Br, 
requires Br, 36-4 per cent. It gave red colour with sulphuric acid. 


Action of sodium alkoxide 


2-Hyaroxy-5-bromo-phenyl-B-ethoxy-B-2'-methoxy-5S'-bromo-styryl ketone 
(XX).—The ketone (XII) was boiled with metallic sodium ana ethyl alcohol 
for about three hours and the solid obtained on cooling crystallised from 
acetic acid in yellow needles, m.p. 160-61°. Found: Br, 35-1; C,sH,,O,Br, 
requires Br, 35:1 per cent. 


2-H ydroxy-S-bromo-phenyl-B-methoxy-B-2'-methoxy-S’-bromostyryl ketone 
(XXII), was obtained from ketone (XII) when methyl alcohol was used in 
place of ethyl alcohol with metallic sodium, m.p. 174-75°. Found: Br, 
36-5; C,,H,,0,Br, requires Br, 36-2 per cent. 


When, however, ketones (XI), (XIII) and (XIV) were treated with 
sodium ethoxide coumaranones (XVI), (XIX) and (XVIII) respectively. 


Action of pyridine 


2-Hydroxyphenyl a-bromo-B-2'-methoxy-S'-bromo-styryl ketone (XXII); 
The ketone (XJ) (1 g.) was boiled with pyridine (5 c.c.) for about five minutes 
and then diluted with excess of alcohol. The solid separated was washed 
with hydrochloric acid and finally crystallised from alcohol, in yellow needles, 
m.p. 134-35°. Found: Br, 39-2; C,sH,;,O,Br, requires 38-8 per cent. 

2-Hvdroxy-5-bromo-phenyl a-bromo-B-2'-methoxy-S’-bromostyryl-ketone 
(XXIIJ) was obtained from ketone (XII) by treatment with pyridine and 
working up as above. It crystallised from acetic acid in yellow needles, 
m.p. 165-66°. Fund: Br, 48-4; C,.H,,O;Br,; requires Br, 48 -9 per cent. 

Ketone (XIII) under similar conditions gave 2-hydroxy-4-methoxy-5- 
bromo-a-bromo-8-2'-methoxy-5'-bromostyryl ketone (XXIV) of m.p. 253-54°. 
Found: Br, 45:9; C,,H,,;0,Br3 requires Br, 46-1 per cent. 


Ketone (XIV), however, under similar conditions gave the coumaranone 
(XVIII) described before. 


Action of potassium cyanide 


2'-Methoxy-5'-bromo-flavone (XXV).—Ketone (XI) (2 g.) n-propyl alcohol 
(60c.c.) and potassium cyanide (Z g. in 100 c.c. water) were boiled under 
reflux for about forty-five minutes. The product obtained after the removal 
of the solvent crystallised from alcohol in white needles, m.p. 162-63°. It 
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gave yellow coloration with sulphuric acid. (Found: Br, 24:5; CigH,Q,Br, 
requires Br, 24-2 per cent.) 


6-Bromo-2'-methoxy-5'-bromo-flavone (XXVI) was obtained from ketone 
(XII) by the interaction with potassium cyanide as above. It also gave 
yellow coloration with sulphuric acid. It crystallised from aceti¢e acid in 
white needles, m.p. 173-74°. Found: Br, 39-2; C,g.H,,O3,Br, requires Br, 
39 -02 per cent. 


6-Bromc-7-methoxy-2'-methoxy-5'-bromo-flavone (XXVII) was similarly 
obtained from ketone (XIII), m.p. 260-61°. Found: Br, 36-7; C,,H;,0,Br. 
requires Br, 36-4 per cent. 


Ketone (XIV), however, when similarly treated gave the coumaranone 
(XVIII) already described. 


One of the authors (H. P. V.) has to thank late Dr. N. R. Nadkarni 
for suggesting the problem. 
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RIBAUCOUR CONGRUENCES! are the congruences formed by lines through 
points on one surface parallel to the normals to another surface, the two 
surfaces corresponding with orthogonality of linear elements. The latter 
surface is called the director surface and the former one is the surface of 


reference. The object of this paper is to obtain several properties of 
Ribaucour congruences. 


1. Suppose S, is the surface of reference, the co-ordinates of any point 
on it being (x,, y;, Z,) and S is the director surface, the co-ordinates of any 
point on it being (x, y, z) 
then 2 dx-dx, = 0? 

WX dX, WX dX, ox ox, yo OX, : 
e 4g 35,°% “33% *se te G5 
let the last of these equations be replaced by 


z Ox OX, 


; s . ox OX : 
du dw = ¢H; 2 w wu — oH (1-2) 


Then if X, Y, Z are the direction cosines of the normal to S; E, F,G, 
D, D’, D” are the fundamental coefficients of the first and the second order 
and K is the total curvature of S, 








D’ dp D dp D’ dp _ py = dp 
=x OX, ou dv. rx OX, __ wu ov (1-3) 
du KH ; dv KH 
where 
Xx x 8) - : x ¢ 
OX, _ “s (4 av wd (Om ow (1-4) 
ny fans 
and 
x ¢ 
xX, p’ (4° wi x ) D" (4% X sy (1-5) 
dv KH 





and similar expressions for y, and 2. 
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Hence for the congruence of lines parallel to the normals to S, the coeffi- 
cients e, f, f’, g of Kummer’s form are given by 


e = 2. Xx = (DF — p'e) (1-6) 
far. _ws—vet $ (1-7) 
fi az a _ og pDis) (1-8) 
g = 528.0% _ pg— pix) & (1-9) 


where &, ¥, G are the fundamental coefficients of the first order of the 
spherical representation of S. 


Solving the equations (1-6) and (1-8) and the equations (1-7) and 
(1-9) we get 
éf' — Fe 


D= bH (1-10) 
1 &— Ff _ Ff'— Ge 
» Fa-— Gf 
p= 22! (1-12) 
The asymptotic lines on the director surface are given by 
Ddu? + 2D’ dudv + D’dv? = 0 (1-13) 


or using the equations (1-10), (1-11) and (1-12) we get® 
(ef'— Fe) du®+ (6g— Get Ff'— Ff) dudv+ (Fg— Gf) dv®=0 (1-14) 
But this is also the equation of developable surfaces through the line of 


the congruence. Hence the developable surfaces through a line of the congru- 
ence of Ribaucour cut the director surface in asymptotic lines. 


The lines of curvature on the director surface are given by 


(ED’— FD) du? + (ED” — GD) dudv + (FD” — GD’) dv? = (1-15) 
But 
Biwnae [¢D*? —2FDD’ + éD”] (1-16) 
1 , ” , / ” 
F = 92 LG DD' — #DD — D+ éD’'D’] (1-17) 
1 


G = 55 [gD — 2#D'D’ + eD" (1-18) 
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Writing down these values of E, F, G in (1-15) we get 
(FD — &D’) du*? + (¢D — €D") dudv + (¢D’ — FD") dv? = 0(1-19) 
Using the equations (1-6), (1-7), (1-8) and (1-9) equation (1-19) becomes 
edu? + (f+ f') dudv + gdv? = 0 (1-20) 
As in a congruence of Ribaucour the surface of reference is a middle 
surface, the equation (1-20) is the equation of the surfaces of distribution.‘ 


Hence the surfaces of distribution through a line of a congruence of Ribaucour 
cut the director surface in the lines of curvature. 


The equations of characteristic surfaces are given by® 
du + 8’dv 3’du + 8" dv 
edu+4(f+f') dv (f+ f') du + gdv 


where 8, 8’, 5” are the coefficients of Sannia’s second fundamental quadratic 
form. Using the equations (1-10), (1-11) and (1-12) we get 

Ddu + D'dv D’du + D’dv 
edu+4(f+f') dv 4(f+f') du + gdv 
With the help of equations (1-6), (1:7), (1-8) and (1-9) equation (1-22) 
becomes 


Ddu + D’dv D'du + D"dv 





|=° (1-21) 





|-° (1-22) 


= 0 (1-23) 
2(DF—D’é) du+(DEG—D’é) dv (DE—D"é) du+2(D'S—D'’F) dv | ( 


or from the equations (1-16), (1-17) or (1-18) equation (1-23) becomes 
Ddu + D’dv D’‘du + D’dv 


But equation (1-24) is the equation of characteristic lines* of the director 
surface, hence the characteristic surfaces of a congruence of Ribaucour cut 
the director surface in characteristic lines. 


Hence the developable surfaces, surfaces of distribution and characteristic 
surfaces through a line of a congruence of Ribaucour cut the director surface 
in asymptotic lines, lines of curvature and characteristic lines respectively. 


From the above we see that if the spherical representations of develop- 
able surfaces, surfaces of distribution or characteristic surfaces are para- 
metric, the spherical representations of asymptotic lines, lines of curvature 
or characteristic lines of director surface at the corresponding point are 
also parametric, 
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Hence the spherical representations of developable surfaces, surfaces of 
distribution and characteristic surfaces through a line of the congruence of 
Ribaucour correspond to the spherical representations of asymptotic lines, 
lines of curvature and characteristic lines of the director surface at the corres- 
ponding point. 


It is to be noted that these three surfaces form a cycle in the sense 
that the central planes corresponding to any one of these three surfaces 
are the double planes of involution determined by the corresponding central 
planes of the other two,’ also if f = 0 and ¢ = 0 are the developable surfaces 
and surfaces of distribution, then the repeated applications of forming the 
Jacobian with these two forms lead to only these three surfaces. A corres- 
ponding result holds for the three families of curves of the director surface. 


2. From the equation (1-14) we see that the developable surfaces are 
parametric if 


éf'’ —Fe=0 (2-1) 
and Fg—Gf=0 (2-2) 
or from the equations (1-10) and (1-12) we get 
D= D’=0 (2-3) 
Hence the equation (1-19) of the surfaces of distribution becomes 
é du? — Gdv? = (2 -4) 


Hence the central planes for the spherical representation of the surfaces 
of distribution through a line of a rectilinear congruence of Ribaucour bisect 
the angles between the central planes of the spherical representations of deve- 
lopable surfaces. 


Also from the equation (1-21) we see that the characteristic surfaces 
are parametric if 


= 0, f+f' =0 (2:5) 
hence the equation (1-20) of the surfaces of distribution becomes 
edu® + gdv? = 0 (2-6) 


In a congruence of Ribaucour the surface of reference is a middle 
surface 


eG + gé—F(f+f)=0 (2 -7) 
With the help of equations (2-5) and (2-7) equation (2-6) becomes 
& du? — Gdv? =0 
Therefore the central planes for the spherical representations of the. s1.r- 
faces of distribution through a line of a rectilinear congruence of Ribaucour 
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bisect the angles between the central planes for the spherical representations 
of the characteristic surfaces also. 


3. Normal congruences of Ribaucour—We know that the necessary 
and sufficient condition for a normal rectilinear congruence is® 
68" + G8 —2F38' =0 (3-1) 
With the help of equations (1:10), (1-11) and (1-12) equation (3-1) 
becomes 
éD’ + GD—2FD'=0 (3-2) 
Suppose the surfaces whose spherical representations are minimal lines 
are represented by the parametric curves on the unit sphere, then 
With the help of equation (3-3) equation (3 -2) becomes 
D’ == 0 (3 Pe 4 
as the fundamental coefficients of the first and second order for the director 
surface are not proportional. 


Hence the necessary and sufficient condition that the congruence of 
Ribaucour be normal is that the surfaces whose spherical representations are 


minimal lines correspond to the conjugate systems at the corresponding points 
of the director surface. 


4. Let the parametric curves on the director surface of a normal recti- 
linear congruence be conjugate, then 


D’ = 0 (4-1) 
The equation (3-2) becomes with the help of equation (4:1) 
D D 


Also the surfaces whose spherical representations on the unit sphere corres- 


pond to the parametric curves on the director surface have their parameters 
of distribution equal to 


&_ ®D : wee fe D’ 

“oe mal the P, = Y ne os (4-3) 
Hence, the two surfaces through a ray of a normal congruence of Ribaucour 

which correspond to the conjugate lines on the director surface have their 

parameters of distribution equal in magnitude but opposite in sign. 


P 


5. We shall now consider the normal congruences of Ribaucour in 
which the surface of reference is an orthogonal surface, 
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cas 





Here y =2X5 — =Q (5-1) 
and y = ZX 21 =0 (5-2) 
From the equations a +3) 
p ¥ _ pw a6 (5-3) 
dg - oe , 
D’ =A —D == Q (5-4) 
From the two equations (5-3) and (5-4) 
either DD’ — D’?=0 (5-5) 
or ¢ = constant. (5-6) 
If DD’ — D’*=0 
:. a 
" OX, ou 
then y =z=xX Sal 
ee 
d > 0X, mr ou ov 
= Y dw KH 


become indeterminate. 

Hence ¢ = constant = C (say). 

The necessary and sufficient condition that the congruences of Ribaucour 
should have the surface of reference as an orthogonal surface is that the 
Bianchi’s characteristic function should be constant. 

6. Suppose the surface S is referred to its lines of curvature, then 

F=0, D’=0 (6-1) 

With the help of equation (6-1), equations (1-6), (1-7), (1-8) and (1-9) 

become 


DF D" é D D’' dF 
e= St sf —=8 "e ‘f=<=} = g=— Uf (6-2) 
But since 
F= ah (GDD' — FDD" — FD’* + FD’), (6-3) 


using equations (6-1) in the equation (6-3) we get 
F=0 (6-4) 
Hence using the equation (6-4) in the equation (6-2) 


e=g=0 (6-5) 
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Since in a congruence of Ribaucour the surface of reference is the middle 
surface, the equation (1-20) for the surfaces of distribution becomes 

dv -du=0 (6-6) 

Using the equations (6-1) and (3:2) we see that the condition of a 


normal congruence of Ribaucour in which the lines of curvature at the corres- 
ponding points of the director surface are parametric is 


éD’ + eD=0 (6-7) 
From the equations (1-10), (1-11) and (1-12) we get 
5 = D¢d; 8’ = D’d; 8” = Dd. (6:8) 
Also® 
— yH = 8, — 8, — 8 + (T— A) 8’ + AS" (6-9) 
yH = 8,” beg! 5,’ + rs ij (A" _ F* 3’ —— A‘38" (6-10) 


where y (= =X =) and »’ ( = =X =) are given by the equations 
(1-3), the subscripts 1, and 2 in 4, 5’, 5” denoting differentiations with regard 
to ‘u’ and ‘v’ respectively. The letters Fr, Ir’, ''"; A, A’, A” have their 
usual meanings.’° 


With the help of equations (1-3) and (6-1) and (6-8) equations (6-9) 
and (6-10) become; 


Pe ‘ 
DS = 5, (Dé) — I’Dé + AD'S (6-11) 
» Oh d ” ” ’ ” 
D su yy Ph) + Dd — AD" (6-12) 
But 
1 GO2— FF, _€s, ,» ~ ~ FO —C6, +2EF, _ 
sills 2H * we iti 2H? 2G 
lr’ = 792 — GA 2*GAr, _ _ F:.« A’ = fA 982 A 
a: 2é’ 2H? 2E 


Equations (6-11) and (6-12) reduce to 
e. &f0 Oy 
io” 2 G sa g)70 
oe ee 
p’- 4 (5 4 3)=9 


du 


Hence D is a function of ‘u’ only and D” is a function of ‘ v’ only 


D _a function of ‘u’ only 
D’ a function of ‘ v” only 
3? D 











Bai a a a 
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and D’ = 0. (6-14) 
which shows that in a normal congruence of Ribaucour the lines of 
curvature of the director surface are isothermal conjugate. 


From the equations (6-4), (6-7) and (6-13) we see that 
a a 
ov 8 G 


and F=0 


in a normal congruence of Ribaucour the spherical representations 
of the surfaces of distribution are isometric. 


This can be proved alternately as follows :— 
From the equation (3-2) we see that the surface S is minimal. 


But the spherical representations of the lines of curvature on a minimal 
surface are isometric and isothermal conjugate. Therefore the spherical 
representations of the lines of curvature on the director surface are isometric 
and isothermal conjugate. 


Since the spherical representations of the lines of curvature of the director 
surface correspond to the spherical representations of the surfaces of dis- 
tribution, the spherical representations of the surfaces of distribution through 
a line of a normal congruence of Ribaucour are both isometric and iso- 
thermal conjugate. 


To summarise :— 


The spherical representations of the lines of curvature on the director surface 
of anormal congruence of Ribaucour are isometric and isothermal conjugate. 


The spherical representations of the surfaces of distribution through a line 
of a normal congruence of Ribaucour are also isometric and isothermal 
conjugate. 


We know that the spherical representations of asymptotic lines on a 
minimal surface are isometric. 


Hence the spherical representations of asymptotic lines on the director 
surface of a normal congruence of Ribaucour are isometric. 


As the spherical representations of asymptotic lines on the director 
surface correspond to the spherical representations of developable surfaces 
through a line of a congruence of Ribaucour we get the result: 


The spherical representations of developable surfaces through a line of 
a normal congruence of Ribaucour are also isometric. 
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7. Isotropic congruences of Ribaucour.—We shall find the condition 
that the congruences of Ribaucour be isotropic. 
Since in a congruence of Ribaucour the surface of reference is a middle 
surface, we must have! 
e=f+f'=g=—0 (7-1) 
using the equations (7-1) in the equations (1-6), (1-7), (1-8) and (1-9) we 


have 
Me 


pF = gem Oy) (7-2) 
where 
é= DA, F=D/A, ¢=D"~ (7-3) 
From the equations (1-16), (1-17) and (1-18) we have 
D _ — es 
E g¢D?—2FDD' + éD? 
Ee _.. ae _ 
F  g6DD’ — DD’ — D+ éD'D’ 
D’x? as ‘ ; 
@ ED*—2FD'D’ + 6D" ~ A using the equation (7-3) 
= - a se d 
inp =F=G= 


hence the corresponding points are umbilical.!? 


Therefore the necessary and sufficient condition that the congruence of 
Ribaucour be isotropic is that the corresponding points on the director surface 
are umbilical, i.e., that the director surface is a sphere since a sphere is the 
only real surface all of whose points are umbilics. 


8. We shall now consider the case in which the characteristic function 
¢@ vanishes. 
Putting 4 = 0 in the equations (1-4) and (1-5) 
OX, oY _ dy 
u:Cti«tia ti 
OX, yy ute 


2, , 
and alt “eas aad G2) 


=0 (8-1) 


i.e., the surface of reference reduces to a point. 


Hence the congruence of Ribaucour in which the characteristic function 
is zero is a system of rays through a point. 


From the equations (8-1) and (8-2) we see that 


e=f=f=g=0 
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Hence if in the congruence of Ribaucour the characteristic function 
yanishes, then it is a normal isotropic congruence which is a sort of a converse 

to the known result that the only normal isotropic congruence is a system of 
rays through a point. 


) 9. Pseudospherical congruences of Ribaucour—We shall now find 
the condition that the congruence of Ribaucour be pseudospherical. 


We know that in a Pseudospherical congruence the mean parameter 
) is constant*® 
68" + G3 —2F3' 





: i, 17 = constant 
a ” , 
’ or éD' a a ¢@= constant from (1-10), (1-11) and 
(1-12) 
Or py + po = — where p, and p» are the principal radii of 
curvature at the corresponding point of the director surface. 

Hence if the congruence of Ribaucour is Pseudospherical then the sum of 
the principal radii of curvature at the corresponding point of the director surface 
varies inversely as Bianchi’s characteristic function. 
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Since Covert and Adkins? prepared Raney nickel in a highly active form by 
treatment of a nickel-aluminium alloy with aqueous sodium hydroxide 
followed by washing, it has been used for effecting a variety of reactions.” 
Bougault, et a/.? have shown that Raney nickel prepared in the usual manner 
retains hydrogen and is capable of quantitatively converting thioglycoll- 
anilide (HSCH,CONH C,H;) into acetanilide, and thioglycollic and dithio- 
glycollic acids into acetic acid, without addition of hydrogen. These 
observations have been considerably extended by Mozingo,* who has shown 
that Raney nickel catalyst removes sulphur from a variety of organic com- 
pounds without gaseous hydrogen at moderate temperatures and in the 
presence of solvents such as alcohol, as follows: 
Ni (H) 
RSR?  ———> RH+R’H 

Sulphoxides and sulphones are also similarly reduced. An _ interesting 
application of the reduction of carbonyl compounds by Raney nickel to 
the corresponding methylene derivatives has been mentioned.’ The carbonyl 
compound is first converted to the mercaptal which is then subjected to 
treatment with Raney nickel. 


SR 
be 
c=0 —_ Cc ad CH, 
7 A ‘Mes 7 


Mozingo® has extended the application of Raney nickel to the reduction 
of compound; other than sulphides, such as ethylenic compounds, aldehydes 
and ketones. Raney alloy has beer directly used in the presence of 
alkali by Papa’ for the reduction of several types of compounds. Thus, 
phenyl ketones, PhCOR, are reduced to the corresponding hydrocarbon 
PhCH,R, while ketones of the type Ph (CH,), COR, where x is one or more, 
are reduced to the corresponding carbinol. Various groups attached to 
the aromatic nucleus are displaced under the conditions used by Papa. For 
example, halogen is displaced, bromobenzene giving benzene, and m-chloro- 
benzoic acid benzoic acid, in quantitative yields. Simultaneous replacement 
of halogen by hydrogen and reduction of carbonyl to methylene was also 
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observed. Sulphonic groups are displaced, o- and m-sulphobenzoic acids 
being desu!phonated in 40 and 50 per cent. yields to benzoic acid. Alkoxyl 
groups in disubstituted benzene derivatives are replaced by hydrogen when 
they are situated in the o- and p-positions with respect to a m-directing group. 
For example, quantitative replacement of the methoxyl group occurs with 
o- and p-methoxybenzoic acids, but the m-isomer is recovered unchanged. 


Desulphurisation of heterocyclic compounds containing sulphur by 
means of Raney nickel under mild conditions without the use of hydrogen 
does not appear to have been widely studied. Among the very few examples 
of such reductions may be cited the conversion of biotin methyl ester into 
dethiobiotin methyl ester. While removal of sulphur occurs when excess 
of Raney nickel is used, it is possible to effect reductions without removing 
sulphur using smaller quantities of the reagent. Thus nitrodiphenyl sul- 
phides have been reduced to the corresponding amines by using catalytic 
quantities of Raney nickel.* Dibenzyl sulphide was found to be unaffected 
when treated with Raney nickel in a Parr hydrogenator at room temperature. 


During the course of an investigation of the constitution of the 
sulphurised vat dyes, Cibanone Yellow R, Cibanone Orange R and Hydron 
Blue, reduction by Raney nickel was employed for effecting desulphurisation 
under mild conditions to give sulphur-free degradation products which 
could then be compared with synthetic products of definite constitution. 
The valuable data concerning the constitution of these dyes obtained by 
treatment with Raney nickel will be reported separately.1° In this paper, 
the action of Raney nickel on sulphur containing heterocyclic compounds 
such as thiodiphenylamine (1) and benzidine-sulphone (II), sulphonic acids 
such as J-acid, and a few other compounds are described. 


Thiodiphenylamine (I) in alcohol on treatment with Raney nickel gave 
diphenylamine; and benzidine-sulphone (II) on similar reduction gave 
N: N’-diethylbenzidine. N-alkylation during reduction by Raney nickel 
has also been observed by Mozingo.® 


H 
PPT 
] ] ——__—> CaHsNHC,H, 
Se oe 
«) 
ff \—/ * 
HN a AMS He 
y, 


\ 
Oo O 
(II) 


as scx KD wncatt 


AS 
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When J-acid was reduced in aqueous alkaline solution by Raney alloy 
according to Papa,’ it gave 6-amino-l-naphthol. 


Reduction of f-naphthol in alcoholic alkaline solution gave a mixture 
of 5: 6:7: 8-tetrahydro-2-naphthol and 1: 2:3: 4-tetrahydro-2-naphthol, the 
latter in a little larger yield. Adkins and Krsek"? carried out high pressure 
hydrogenation of B-naphthol in alcohol by means of nickel catalysts pre- 
pared by various methods, and obtained both the phenol and alcohol deri- 
vatives in proportions depending on the type of catalyst used. 


The action of Raney nickel on 2-hydroxy-3-naphthanilide (Brenthol 
AS); led to 5:6: 7: 8-tetrahydro-2-hydroxy-3-naphthanilide, identical with 
the product described by Schréter and Bayer,’* who prepared it from 
5: 6: 7: 8-tetrahydro-2-hydroxy-3-naphthoic acid. The latter compound was 
obtained by these authors by pressure hydrogenation of 2-hydroxy-3-naph- 
thoic acid, and by Schroeter?* from 6-hydroxytetralin by means of the Kolbe 
reaction. Arnold et al. also obtained the same acid by the catalytic 
hydrogenation of ethyl 3-hydroxy-2-naphthoate at 140-150° and under a 
pressure of 900 lbs., followed by hydrolysis of the ester. 


Carbazole has been reported to be resistant to catalytic hydrogenation." 
Adkins and Coonradt?® have, however, prepared tetra-, hexa- and dodeca- 
hydrocarbazoles in 72, 16 and 85% yields respectively by high pressure 
reduction of carbazole using Raney nickel or copper chromite catalysts. 
It has been found in the present work that when carbazole was treated with 
Raney nickel in boiling morpholine it remained unaffected while reduction 
in alcohol gave tetrahydrocarbazole (yield, 46%) along with other reduced 
derivatives. 3-Chlorocarbazole on reduction in alcoho] gave a mixture of 
products from which tetrahydrocarbazole was isolated through the _picrate. 
3-Aminocarbazole on similar treatment yielded a small quantity of a com- 
pound insoluble in dilute hydrochloric acid which was identified as tetra- 


hydrocarbazole, and a very small quantity of an acid-soluble portion which 
could not be identified. 


The behaviour of anthraquinone and 2-methylanthraquinone on treat- 
ment with Raney nickel in boiling (1) alcohol, (2) morpholine and (3) aqueous 
alkali, was studied as a preliminary part of the investigation of the consti- 
tution of Cibanone Yellow R and Cibanone Orange R, which are derived 
from 2-methyl or 2-chloromethylanthraquinone by thionation. Reduction 
of anthraquinone in the presence of alcohol gave a mixture of products from 
which octahydroanthraquinone, m.p. 185-86°, was isolated after repeated 
crystallisations. Reductionin morpholine gave a mixture of different 
substances from which a colourless crystalline compound, m.p. 226-232°, 
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and a compound crystallising in pale yellow needles, m.p. 182-83°, were 
isolated by chromatographic separation. The identity of these products has 
not yet been established. Treatment of anthraquinone with Raney nickel 
in boiling aqueous alkali gave a colourless crystalline compound, m.p. 267°, 
as one of the components of the reaction mixture, which analysed for 
9: 10-dihydroxyperhydroanthracene (C,,H,,0,). When 2-methylanthra- 
quinone was reduced in alcohol, a new sterioisomeric form of 2-methyl- 
octahydroanthraquinone, m.p. 137°, was obtained. Reduction of 2-methyl- 
anthraquinone in boiling aqueous alkali gave a small quantity of a colour- 
less compound crystallising in needles, m.p. 240-45°, and a mixture of 
compounds which were liquid at room temperature. A complete analysis 
of these products will be reported later. 


Thioindigo on treatment with Raney nickel in morpholine has given 
interesting degradation products which are under investigation. 


EXPERIMENTAL 


Desulphurisation of thiodiphenylamine (I).—Thiodiphenylamine (1 g.), 
Raney nickel, prepared according to Mozingo’s method, (10 g.) and alcohol 
(75c.c.) were heated under reflux for 4 hours and the mixture was filtered. 
The Raney nickel residue was washed twice with hot alcohol. The alcoholic 
extracts were concentrated and cooled and the product (0:55¢g.) which 
separated crystallised from aqueous alcohol in leaflets, m.p. 54°, alone or 
mixed with an authentic specimen of diphenylamine. 


Desulphurisation of benzidine-sulphone (II).—Benzidine sulphone (1 g.) 
was treated with Raney nickel as above. The reduction product (0:55 g.; 
yield, 70%) crystallised from hot alcohol in needles, m.p. 115°C., and was 
identical with N: N’-diethylbenzidine. Bamberger and Tichivinsky"™ give 
m.p. 115-6°. Found: N, 11:8. CygHo Nz. requires N, 11-7%). 


Desulphurisation of J-acid.—J-acid (10 g.) was dissolved in 10% aqueous 
sodium hydroxide (450 c.c.), the solution was heated to 90° and Raney alloy 
(60 g.) was added slowly under stirring (cf. Papa, et. al.’). After the addition 
of the catalyst, the mixture was further heated for 2 hours. The reaction 
mixture was filtered and sulphur dioxide was bubbled through the filtrate. 
6-Amino-1-naphthol, which separated together with alumina, was extracted 
with ether. Acetic anhydride (2:5c.c.) and acetic acid (5c.c.) were added 
to the ether-extract and after removal of ether, the solution was heated under 
reflux for ten minutes and then poured over crushed ice. The diacetyl 
derivative of 6-amino-l-naphthol separated as a yellow solid which was 
filtered, washed with cold water and was boiled for 1 minute with ammonia 
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for the removal of the o-acetyl group.'* It was again acidified with acetic 
acid and the solid (0-2 g.) thus obtained was washed and crystallised from 
water, when N-acetyl-6-amino-l-naphthol separated as needles, m.p., 98-99°. 
Sander’® quotes m.p. 100°. (Found: N, 7-1. C,3H,,O,N requires N, 
7-0%). 


Reduction of B-naphthol_—8-Naphthol (2 g.), Raney nickel (20¢g.), 
alcohol (100 c.c.) and sodium hydroxide (1 g.) were boiled under reflux for 
8 hours. After removal of nickel, the solution was acidified and warmed 
to remove alcohol and then extracted with ether. The ether layer was 
washed with water and then shaken thrice with 5% sodium hydroxide solu- 
tion. The alkaline extracts were collected together, acidified and then 
extracted with ether. After removal of ether, the alkali-soluble reduction 
product was left behind as an oil (0-54g.). On shaking the oil with benzoyl 
chloride in aqueous sodium hydroxide, the benzoyl derivative of 5: 6:7: 8- 
tetrahydro-2-naphthol was obtained which on crystallisation from aqueous 
alcohol gave m.p. 95-96°. Heilbron’ gives m.p. 96°. The ether extracts 
containing the alkali insoluble 1:2:3:4-tetrahydro-2-naphthol gave a 
brown oil (0-7 g.) after removal of the solvent. When heated with pheny] 
isocyanate it gave the corresponding phenylurathane which crystallised from 
light petroleum (60-80°) and benzene as needles, m.p. 98-99°. Bamberger 
and Lodter?® give m.p. 99°. 


Reduction of Brenthol AS 


Brenthol AS (2g.), Raney nickel (20 g.), methyl alcohol (40c.c.) and 
sodium hydroxide (1 g.) were heated under reflux for 5 hours. The mixture 
was filtered while hot and the nickel residue was washed twice with methyl 
alcohol. On cooling, the unreacted Brenthol AS separated. The more 
soluble portion after crystallisation from methyl alcohol gave 5:6:7:8 
tetrahydro-2-hydroxy-3-naphthanilide as colourless needles, m.p. 185-87°, 
unaltered by further recrystallisation from the same solvent. Schréter and 
Bayer!? quote m.p. 183°. (Found: C, 76-4; H, 6-1; N, 5-5. C,,-H,,O,N 
requires C, 76-4; H, 6-4; N, 5-2%.) 


Reduction of Carbazole 


Method A.—Carbazole (2g.), Raney nickel (20g.) and morpholine 
(50c.c.) were heated under reflux for 8 hours and filtered and the residue 
was extracted with hot morpholine. The filtrate and the washings were 
collected and poured over a mixture of ice and hydrochloric acid. The 
solid obtained on crystallisation was found to be unreacted carbazole, 
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Method B.—Carbazole (4g.), Raney nickel (80g.) and ethyl alcohol 
(250c.c.) were heated under reflux for 6 hours. After the separation of 
nickel, the alcohol in the reaction mixture was removed by distillation. The 
reduction product was isolated by means of ether and when purified according 
to Adkins and Coonradt,'* gave 0-3g. of unreacted carbazole, 1-9 g. 
(yield, 46%) of tetrahydrocarbazole, m.p. 110° and 0-2 g. of a mixture of 
octa and dodecahydrocarbazole. The tetrahydrocarbazole after crystallisa- 
tion from aqueous alcohol gave lustrous flakes, m.p. 112°, alone or mixed 
with authentic tetrahydrocarbazole. It was further characterised by the 
preparation of its picrate which crystallised from alcohol in red brown 
needles, m.p. 142-43°. Adkins and Coonradt!® give m.p. 145-145-5°. 


Reduction of 3-chlorocarbazole 


Raney Nickel Reductions—TI{ 


3-Chlorocarbazole (1 g.), Raney nickel (10g.) and alcohol (50 c.c.) 
were refluxed for 5 hours and then filtered. The filtrate on concentration 
and cooling, gave a white solid (0-65g.), m.p. 125-35°, which did not 
contain chlorine. It was recrystallised from aqueous alcohol but the m.p. 
was unaltered. The substance was, therefore, treated with picric acid and 
the picrate obtained was crystallised from alcohol, m.p. 145°, unaltered when 
recrystallised from the same solvent. Adkins and Coonradt?® give the m.p. 
of tetrahydrocarbazole picrate as 145-145-5°. The picrate on decomposition 
with 1% ammonia, gave tetrahydrocarbazole as a white solid which crystal- 
lised from aqueous alcohol in lustrous white flat needles, m.p. 119~-20°. 
Perkin and Plant?! give m.p. 116°. 


Reduction of 3-aminocarbazole 


3-Aminocarbazole (2 g.), Raney nickel (20 g.) and dioxan (60c.c.) were 
heated under reflux for 8 hours. After removal of nickel, the solvent was 
removed by distillation and the residue was extracted with ether. The ether 
extract was shaken repeatedly with 15% hydrochloric acid. It was then 
washed, dried and ether was removed. The pinkish white solid (0-14 ¢.) 
obtained gave a picrate, m.p. 142°, alone or mixed with authentic tetra- 
hydrocarbazole-picrate. The small quantity of acid-soluble portion obtained 
could not be identified. 


Reduction of Anthraquinone 


Method A.—Anthraquinone (1-5 g.), Raney nickel (10g.) and alcohol 
(60 c.c.) were boiled under reflux for 3 hours and then filtered while hot. 
The alcoholic solution after concentration and cooling gave yellow needles, 
m.p. 168-72° (0-67 g.), raised to 185-6° after three recrystallisations from 
alcohol, Skita** gives the m.p, of octahydroanthraquinone as 185-6°, 
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(Found: C, 77:2; H, 7-3. C,,H,.O. requires C, 77:8; 7:4%.) After 
prolonged standing (six months), the analytical specimen turned orange 
and softened above 150° and melted at 170-74°. 


Method B.—Anthraquinone (2 g.), Raney nickel (20 g.) and morpholine 
(60 c.c.) were heated under reflux for 12 hours and then filtered hot. The 
filtrate was poured over ice and concentrated hydrochloric acid, and the solid 
(0-96 g.) which separated was filtered, washed and dried. The substance 
dissolves in alkaline sodium hydroxide solution giving a colourless solution 
from which it could be recovered by air oxidation. The reduction product 
was dissolved in chloroform and passed through an activated alumina solu- 
tion and the pale green major fraction after concentration gave a crystalline 
solid, m.p. 226-32°. The chloroform mother-liquor after concentration and 
addition of alcohol gave pale yellow flat needles, m.p. 182-3° unaltered by 
further crystallisation from the same solvent (Found: C, 75-9; H, 7-1%). 


Method C.—Anthraquinone (2 g.), Raney nickel (20 g.), sodium hydro- 
xide (2 g.) and water (100 c.c.) were heated under reflux for 8 hours. The 
mixture was acidified with hydrochioric acid and then filtered and the residue 
was washed and dried. It was extracted with chloroform (200 c.c.) and 
the chloroform solution after concentration and cooling gave colourless 
flat elongated plates, m.p. 257-62°, raised to 267-8° after recrystallisation 
from alcohol. (Found: C, 75:5; H, 11:0. C,,H,,0. requires C, 75-0; 
H, 10-7%.) The substance is insoluble in hot aqueous sodium hydroxide 
and alkaline hydrosulphite. The mother-liquor, after the separation of the 
above crystalline product, gave a sticky solid (0-85 g.) after removal of the 
solvent. 


Reduction of 2-methylanthraquinone 


Method A.—2-Methylanthraquinone (2 g.) when reduced as in Method A 
for anthraquinone, gave a yellow reduction product (0:8 g.), m.p. 95-99°, 
which after two crystallisations from alcohol gave m.p. 137°. Elementary 
analysis of the product is in agreement with methyl octa hydroanthraquinone. 
Skita??. quotes m.p. of 2-methyl-1:2:3:4:5:6:7: 8-octahydroanthra- 
quinone as 158-9°- (Found: C, 78-0; H, 7:5. C,,H,,O, requires C, 
78-3; H, 7-8%.) The reduction product on standing turns orange as in 
the case of the reduction product from anthraquinone. 


Method B.—2-Methylanthraquinone (2g.) was treated as in 
Method B for anthraquinone. The sticky product (0-9 g.) obtained after 
three recrystalllisations from alcohol, gave a substance melting constantly 
ai 170-72°, undepressed when mixed with 2-methylanthraquinone, 
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Method C.—2-Methylanthraquinone (4 g.) was treated as in Method C 
for anthraquinone. The nickel residue was extracted with benzene and the 
benzene extract after concentration and cooling gave a colourless crystalline 
solid. It softened above 235° and melted at 242-6°. The melting point 
was unaltered by further recrystallisation from benzene and light petroleum. 
The mother-liquor after the separation of the above crystalline product gave 
a viscous orange yellow liquid (2-1 g.) on removal of the solvent. It was 
redissolved in benzene and chromatographed through alumina. Several 
fractions separated on eluting the chromatogram with benzene but led only 
to oily products which could not be further purified. 


SUMMARY 


Treatment of sulphur-containing heterocyclic compounds such as _thio- 
diphenylamine (I) and benzidine-sulphone (II) with Raney nickel in a suitable 
solvent gave the sulphur-free compounds diphenylamine and N: N’-diethyl- 
benzidine (reduction in ethyl alcohol). 


B-Naphthol gave a mixture of 1: 2:3: 4-tetrahydro-2-naphthol and 
5:6: 7: 8-tetrahydro-2-naphthol on reduction with Raney nickel in alcoholic 
alkaline solution. Naphthol AS (2-hydroxy-3-naphthanilide) yielded 
5: 6: 7: 8-tetrahydro-2-hydroxy-3-naphthanilide and J-acid gave 6-amino- 
1-naphthol on treatment with Raney nickel. 


Carbazole was unaffected when treated with Raney nickel in morpholine, 
but gave tetrahydrocarbazole when reduced’ in alcohol. 3-Chloro- and 3- 
aminocarbazole also gave tetrahydrocarbazole on reduction in ae and 
dioxan respectively. 


Anthraquinone and 2-methylanthraquinone gave octahydro-derivatives 
on reduction in alcohol. Reduction in morpholine and in aqueous alkali 
gave several reduction products which are under investigation. 
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ERRATUM 
Proc. Ind. Acad. Sci., A, 1948, 28, Page 34 


Para 1, last line, read ‘7-glucuronide of baicalein’ for ‘7-glucuronide of 
baicalin’. 
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